General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



/^37<Z3 


MCR-76-403 

NAS8-31789 


Volume II 


Final 

Study Report November 1976 


TECHNICAL REPORT PAYLOAD SPECIALIST 

STATION STUDY 

PART II 

CEI SPECIFICATIONS (PART I) 


Approved 




Leroy J. Ducharme 
Study Manager 

Prepared for: 


George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 

MARTIN MARIETTA CORPORATION 
P.O. BOX 179 
Denver, Colorado 80201 


FOREWORD 


This document was prepared by the Martin Marietta Corporation, Denver 
Division, for the National Aeronautics and Space Administration, 
Marshall Space Flight Center. This volume forms a part of the Final 
Study Report for Contract NAS8-31789. Payload Specialist Station 
Study ^ completed under the technical direction of Mr. William Lucero, 
Contracting Officer's Representative, MSFC. 
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1.0 


SCOPE 


performance, establishes the require- 

DISPLAY SYSm 

Video, alphaSiSSrind SphiL^SpSilitiefr «“its (with 

UMt(s), keyboards (KBs) in sunnort of Electronics 

displays concept to be located at the Petri ‘^®*^^®^ted controls and 

Orbiter Aft Flight Deck (SJ), in the Shuttle 


is 


1 


2,0 


applicable docdments 


=>>”»”. form a patt of this 

documaats rofereated here and other copfXlct between 

the detail requirements herein shall ho i^n *>j specification, 

specifications satisfying the Intent of f“P®^®eding. Contractor 

S ®PC apatlflcally Usted dLm2trifSfrfv?”““'"a 

odotaln^d^SS S‘'be“^rs?r 

jpscifieationg 


MSEC Speciflfa<-?»r.o 


MSFC-SPEC-250 
Amendment 1 
26 February 1964 


2«2 Standardfi 


Protective Finishes for Space 
Vehicles Structures and Associ 

Equipment, General 
Specification. 


CEI Para. 
3. 3.9.2 


MSFC Standardg 

MSFC-STD-512 
12 August 1974 


MSFC-SXD-486 
Amendment 1 
July 1970 


Standard Man/Sys terns Design 
Criteria for Manned Orbiting 
Payloads ® 

Threaded Fasteners, Torque 
Limits For 


MSFC-S3D-509 
October 1972 


Lubricant Selection 


Federal Standai-do 


FED-STD-209B 
24 April 1973 

Military Standards 

MIL-STD-143B 
12 November 1969 


Clean Room and Work Staffon 
Req. Controlled Environment 

and Speciflcatinng 

Standards and Specifications, 
Order of Precedence for the 
Selection of 


MIL-C-17E 
12 July 1974 


Cables, RF, Coaxial, Dual Co- 
axial, Twin Conductors and 
Twin Lead 


3.3.15 


3.3.6. 2 


3. 3. 2. 4 


3.3.10 


3.3.1 


3. 3. 5.1 
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Military Standards and Specifications 


CEIPara. 


tfIL-'STD-1472B 
31 December 1974 


MIL-STD-130D 
1 August 1973 

IIIL-STD-810(C) 
10 March 1975 

MIL-STD-470 
21 March 1966 

MIL-STD-889A 
5 May 1972 

MIL-B-5087B(2) 
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Amendment 
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MIL-STD-462(2) 
1 May 1970 


MIL-STD-189 
Notice 2 
14 March 1961 

MIL-STD~12C(2) 

1 February 1971 


Human Engineering Design Cri- 
teria for Military Systems, 
Equipment and Facilities 

3.3.15 

Identification Marking of U.S. 
Military Property 

3.3.13.2 

3.3.13.4 

Environmental Test Methods 

3.2. 7. 2. 2 
3.3.8 

Maintainability Program Require- 
ments 

3.2.4 

Dissimilar Metals 

3. 3. 9.1 

Bonding, Electrical and Light- 
ning Protection, for Aerospace 
Systems 

3. 3. 5. 7. 3 

Screw Threads, Standard, Optimum 
Selected Serial, General Specifi- 
cation for 

3. 3. 6. 2. 2 

Screw Threads, Controlled Radius 
Post With Increased Minor Diam- 
sher. General Specification for 

3. 3. 6. 2. 2 

Notice 1, 2, 3 Electromagnetic 
Interference Characteristics, 
Req . for 

3.3.5. 7.1 

Notice 1, 2 - Electromagnetic 
Interference Characteristics, 
Measurement of 

3.3. 5. 7.1 

Racks, Electrical Equipment, 
ig-inch and Associated Panels 

3.3.12 

3.2.1,1.15 

Abbreviations for Use on Draw- 
ings, Specifications, Standards 
and Technical Documents 

3.3.13.4 
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2.3 Drawings 


MSFC Drawings 
MSFC-DWG-40M39582 

Harnesses, 

Electrical Design 

CEI Para. 
3,3.5. 1 

MSFC-DWG-40M51264 (A) 

Outgassing, 
Spec, for 

Th.ermal Vacuum, 

3.3.2. 3.1 

MSFC-DWG-10M90221 

Materials Management Plan for 
Contamination Control 

3. 3. 2. 3.1 

MSFC-DWG-50M02442 

atm Material Control for Contam- 
ination due to Outgassing 

3. 3. 2. 3. 2 


Shuttle Program 


^txoaal AerQna.n-Tn« ....4 sp^ee 


JSC-07700, Vol. XIV 
Revision D 
Change No. 17 
27 July 1976 


Space Shuttle System, Payload 
Accommodations ; Program Defin- 
ition and Requirements 


TSC-07700, Vol. Ill 
Change No, 16 
27 July 1976 


Program Planning and Analysis 


JSC-07700, Vol. I 
Change No. 8 
5 July 1976 


Program Description and Require- 
ments Baseline; Level II Program 
Definition and Requirements 


JSC-07700, Vol. IV 
Revision A 
Change No. 10 
26 March 1975 


Configuration Management 
Requirements 


JSC-07700, Vol. I- 
014-PIV-Ol 
Change No. 1 
1 June 1976 


Payload Interface Verification; 
Vol. I General Approach and 
Requirements 


3. 2.4.1 
3.2.6 

3. 2. 7. 1.1 

3.2. 7. 1.2 

3.1.2 


3.1.4 


3.1.4 


3. 2.4.1 


Europe an Space Agency 


SLF/2104 
Spacelab, 
May 1976 


Spacelab Payload 
Preliminary Handbook 


Accommodations 


3. 2, 1.2 


EQ-MA— 0010, Issue 1 
15 May 1976 


Data Display System 
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3.2. 1.2 

3. 2.1. 3.1.1 

3. 2. 1.3. 1.2 


European Space Agency 


CEI Para> 


EQ-MA.-084, Issue 1 
20 May 1976 

EQ-WA-0002 

Preliminary 

14 May 1976 

Contractor (RI) 

MJ070-0001-1B 

15 January 1976 


MF0004-002A 
Amendment B-03 
14 June 1974 


2,5 Other Publications 

NHB 5300.4(10-1) 
August 1974 


NHB 5300. 4 (3A) 
May 1968 

NHB 8060.1A 
November 1971 


SE-004-002-2H 


NHB 1700.1(VI) 
July 1969 


Data Bus Interconnecting Station 3. 2.1.2 
Input Output Dnit 3. 2. 1.2 


Orbiter Vehicle End Item Sped- 3. 2. 7,1.1 
fication for the Space Shuttle 
System Part I 5 Performance and 
Design Requirements 


Electrical Design Requirements 
for Electrical Equipment Util- 
ized on the Space Shuttle 
Vehicle 


3.2.1.1.13.1 

3.2.1.1.13.2 

3.2.1.1.13.4 

3.2.1.1.13.7 

3.2.1.1.13.8 

3. 2. 1.2. 9.1 

3. 2. 1.2. 9. 2 

3. 2.1. 2. 9.4 

3. 2.1.2. 9.8 

3.2.1. 3. 1.5 


Safety, Reliability, Maintain- 3.2.3 

ability and Quality Provisions 3.2,6 

for the Space Shuttle Program 

Requirements for Soldered Elec- 3. 3. 2. 5 

trical Connections 

Flammability, Odor, and Offgass- 3. 3. 2. 2 

ing Req. and Test Procedures for 
Materials in Environment that 
Support Combustion 

Guidelines for Identifying 3.3. 2.2 

Flammability Hazards in Air 

NASA Safety Manual 3.2,6 


5 


Other P'ublicafcinnfi 


CEI Para. 


JSG-07636 
September 1973 

HPC200-4 
August 1964 

DOD Handbook H4-1 
Latest Revision 

M-06, Vol. Ill 
Part I 

EIA STD RS-170 


Space Shuttle Lightning Pro- 
tection Criteria Doctment 

NASA Quality Publication. 


Federal Supply Code of Manufac- 
turers Name to Code 

Work Breakdown Structure 


Electrical Performance Standard 3. 2.1.4 2 

Monochrome Television Studio 
Facilities, Electronic 
Industries Association 
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3.0 REQUIREMENTS 

3.1 CEI Definition 


3.1.1 


General Description 


SLnlS^SJS'(W)'"k “fif 

tures (located at Panpl a^phanumerxc and graphic overlay fea- 

3#lfc2 Missions 


sxS£=SF£™S^^ 

:“ s.?^‘s.Tss E Sis-i: 
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3*1*3 Operational Concepts 

specialist »111 -cave the capahilltfS SSie Sth?f a^ 

sc^erimeat, dispUy eaperiaeat statue and data, point vario^^ 

and s^ect several video displays. He uill haie 30000^0 eLhS S!^/? 
computers or Orbiter computers. eicner the S/L 
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O^^Ra^^?; atlonal and Management Relationship 


MSFC has been designated as the development manasement center for the 
Aft Flight Deck core controls and display (C&D) program. The core C&D 
equipment will be located in the Orbiter AFD, and therefore, JSC will be 
required to ensure interface control documentation compatibility. 


Systems Engineering RequirementR 

3. 1.5.1 System s Engineering and Integration 

Systems engineering and integration will Include performance of the 
analyses and studies necessary to define requirements for the Aft Plight 
eck Payload Core C&D, interfaces, ground support equipment (GSE) and sup- 
port test equipment (STE) , and product assurance. Systems d^lgn aS iSe- 
gratxon, operations requirements analyses, GS:e and STE requirements, and 
systems test requirements are all a part of the Aft Flight Deck (AFD) Core 
C&D engineering and integration (SE&I) task. Also included are interface 

SjaeSve development and weight menagement. 

r?A 04 „n Of the SE&I analysis is to assure an integrated AFD core C&D 

design that provides a core capability for operating and controlling the many 

Shuttle Orbiter, at the lowest life cyfle cost ^ 
e compatible with the required level of capability and 

limitation information to prospective payload developers. 

3. 1.5. 2 U*ork Breakdown Structure HJBS) 

Volume III! Srt^l! accordance with MA-06. reference 

3.1.6 Government Furnished Property List 

equipment: Display Unit (DU); Keyboard (KB); Data Display 

Unit (DDU); Remote Acquisition Unit (RAU); Power Distribution Box (PDB). 

b. Phase II: One set of Ground Support Equipment (GSE). 

3-1.7 Critical Components 

3.1. 7.1 Engineering Critical Components List 
Not applicable, 

3.1. 7. 2 Logistics Critical Components List 

t. j railt-re mode and effects analysis (FMEA) will be performed and will 
be used to prepart the Critical Items List (CIL), which will be used to Ident- 

and rwM include the Single Failure Point Summary 
and Criti al Redundant Items. The corrective action required and/or rationale 
for retention shall be determined for each critical single failure point. 
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3*2 Characteristics 


3.2.1 Performance 

Display Units 

-f^^ of shall be provided; one shall have the capabil- 

xty of displaying only alphanumerics and graphics in tricolor, and one sLll 
have the capability to display both video and overlay symbolic data (alpha- 

graphics) in black and white (B&W). The black and white display 

“““ 


the requirements specified herein shall apply to both 
and tricolor type of DUs, and therefore are stated only once with no 

one either unit. Specific requirements pertaining to only 

one of the DUs are properly identified herein. ® ^ 

3. 2. 1.1.1 Brightness 


The brightness of generated symbols shall not vasry by more than plus 
^ 20 percent when positioned anywhere within the useful screen area 

Display Unit shall be a mlnlmui 
^ nJ maximum writing speed. The brightness level of 

Siting°spSd^^^^ ^ minimum of 60 foot lamberts at the maximum 

3.2.1. 1.1.1 ^nual Brightness Control 

The Display Unit shall be provideo with a continuous manual bright- 
ness control, mounted on the front panel of the display unit. ^ 

3*2. 1.1. 1.2 Automatic Brightness Control 

UA ^ Readjustment of the brightness control shall not be required at any 
contrast^Jltio!"^^^^ lamberts when it has been set to a desiLd 

3. 2. 1.1. 2 Contrast 

.. ..4 Display Unit shall be able to provide a contrast 

ratio of 3:1 at 100 foot lamberts. The color Display Unit shall be able to 
provide a contrast ratio of U4 at 60 foot lamberis. 

3. 2. 1.1. 3 Resolution and Line Width 

3.2. 1.1. 3.1 TV Scan Resolution 

lines. Display Unit shall provide 525 and 1000 horizontal scanning 
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3*2*1,1*3*2 Li.ii£ Width 

In the cJ«rel‘‘lo'’pKcmro£^ihe^'T maximum 

v^^y^£S 

treat ratio requlramentr required refresh rate and con- 

3«2*1*X«3*3 RGsoXutXoii 

not exhibit horizontal and vertical resolution of 

HL-IrVdte^ 

3»2al,l,3.4 Video Bandwi'dfh 

The bandwidth of the B&W video cTiannoi einaii ^. ci ^ , 

3 dB from DC to a minimum of in pr^ a. ^ flat plus or minus 

required contrast ratios Tran«!iont-^ output ^plitudes consistent with the 

and fall ti^Ts^aS ^""0 IrSterthir^r^: 

20 percent of the Sf^^SuL ’^J^^^’^^hoots less than 

be flat plus or minus 3 dB Lorn DC t?32 S?io?outnS^a‘'°i°^ 

irf.th the required contrast ratios. ^ amplitude consistent 


3. 2. 1.1.4 


Linearity 


length ofLriiS'aranrpoiS^withi^ thrSn^S 80 ^ 

and shall not exceed plus or minus 4 percent in viewing area 

shall not exceed plus or minus O^oS ^ maximum deviation 

to 6 inches, definerbriS e^d pof^^ "" up 

3#2,X*X»5 Jitter 

static SnS°frro.2°i°H“ teto”Hx“ 

3. 2. 1.1. 6 Position Stability 

exceed .005 inctos per SnuL -J? ® “o': to 

plus or minus 0.05 Inches verhealXy and pteo^^nS “Jf iShes htrSMSu; 
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3*2*1.1*7 Positional Error 

percent '•“ 


3. 2. 1.1. 8 Display Genterin p r 


the vie»S2^2ef?’™““ <=«>tered to plus or uluus 0.05 inch olthin 

3. 2. 1.1. 9 Phosphor 

The phosphor for the cathode ray tube {rnT\ =»,.n 
ments of this specification. It shall Luse no require- 

While the display is rtewad under “ 

3.2.1.1.10 Built-in Test Equipment fRTT^^ 

With a KeXaL'SSi/SSSonSf S^t'cSr^aJd^'Sf conjunction 

The test pattern, on conaand from tha°kevboLd°''J®?i “f °“ command, 

the operator to check visual p^'SoS:nc^='‘rSe^^s“la; 

3*2*l,l*ll Color 


red. yelS:."^'’'”’' «wplaying tricolors of green. 

3.2*1,1*12 Screen Area 

however, smaller dlspla^^wUl^e°oonsider d'-e°°e« * dnshes square, each,' 
cost advantages for L^stS. off-the-shelf status provides 

3*2el*l.l3 Pop 7 er 


3.2*1,1,13*1 Input Power 

merglzed by a prS soMcJ^of'^S Sus^M°Mn^’^^4™“?“ requirements when 
5 volts, 400 Hs AC havinnhfchLStLJatSrd •^-oo 
tlon. the DO Shall he oapaWe of StSSISv wt jjf MP0004-002. In addi- 
rhe emergency transient characteristics de«nld “raoSS.” 

3. 2. *.1.13. 2 


Grounding and Isolatinn 


SrOTndingrS^«“ctu?nn“OTnMSte?“nf fS'^lso^^^ of circuitry from 
and under failure conditions, shall clnfoi to wSjS“o02? 
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3.2.1.1.13.3 Power Dissipation 

j . under worst-case^Sling*^cSditiois '^wiSS^com^ following amounts of power, 
derating criteria establlcjii^r? * o^P^omlae to the temperature 

criteria shall be coMpatible with crSblSf 

a. Operation ffloreal w Mode) - 130 ratts maaitran monoohroeatic 

150 watts mascimum color 

b. Standby - 25 watts maximum 
3.2,1.1*13*4 Power Conversion 

ages as "reS^^i^Son'e^Ss^fa^d'ISLM^^^ 

the requirements of MF0004-002. naract eristics shall conform to 

3.2.1.1.13.5 Power-on Sequence 

initiete'^S^S^Jy ?e^t ^ shell 

poeer-on sequence shall ha'^requlred . ” “‘^'^^^ction sequence. No special 

3.2.1.1.13.6 Power-off Sequence 

3.2.1.1.13.7 Normal Power Transient 

MF0004-o5rFi^ri!”Sir»t’t'“! •*. limits defined in Specification 
, igure 1 , shall not cause unit malfunction or sync anomalies. 

3.2.1.1.13.8 Abnormal Power Transients 

PleuT-o transients within the limits defined in MP0004-002 

execution of a shntdoun/restart sequence is patMSlMa: 


3«2el«l,13.9 Power Interrup tion 


cf erron^S 
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3.2.1.1.14 Weight 


weight of the B&W Display Unit shall not exceed 35 0 nouTiriB 
wexght of the Color Display Unit shall not exceed aS poSSs. 

3.2.1.1.15 Dimensions 


The 


• t. u Display Unit shall be contained in an enclosure not excp^^il-rner t> n 

inch teight X 11.0 inch rfdth x 20.0 inch depth anfmeS tatoTS 
panel/chassis in accordance with MIL-STD-189. 

3. 2. 1.2 Electronics Unit 

'"^th the Spacelab Interconnecting stations 

srL?£i“i f “ 

EQ-MA-084 and e”£to 02) Payload Accommodations Handbook, EQ-MA-0010, 


the multifunction display system shall interface with either 

he Spacelab experiment or subsystem computers. However, when the Snacelah 
computers are not flown, the MPDS shall be capable of SeSSinrJS thf 

Orbiter GPC data bus and input output processor (lOP). The 

biter GPC shall then perform the same functions as the Spacelab computes. 

3*2»1.2*1 Symbol Arrays 


3«2.1«2*2 Symbol Elements 


3*2«1«2«3 Circles and Vectors 


The EH shall be capable of generating the following patterns; 
3.2*l,2*3*i Circles 

Circles of at least 512 radii centered at any point on the display. 
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3.2.1*2*3«2 Vectors 

Vectors between any two points on the display fie].d. 

3. 2. 1.2. 4 Feature s Related to Symbols 

uaii, 

3. 2. 1.2. 4.1 Flash 

4ny symbol or set of symbols shaU flash whan so dasignatod. 

3. 2. 1.2. 4. 2 Dash 

Any cirole, yaotor, or sat tharaof shall ba dashed whan so dasignatad. 
3«2«lo2*4«3 Rotate 

cantor tS ^ 

fLS^roLS^f S :ra^1a%2n”jr- “l1?“ f “ ~n““^ 

rotation and translation o^the variable reference. A combination of 

be possible. display element ,or set of elements) shall 
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3«2»1«2.4«4 Translation 

cartesia^LoJdinatS whL°foTsignaSf ^ It sSll^b “ 

resulting location of a transla^^fS J be possible to specify the 

tion relative to the current location of the dSi^atersySbS!'^°^ ^ 
3-2#1.2.4*5 Character Size 

3.2*1«2.4«6 Intensity 

ted for 2re5^L“u levSs «°te^:af “• 

for various strokf writing speed! ^ compensation of intensity 

3.2*1*2*4*7 Blanking 

eyrt.ole.”'^'' “ cepebility of bleoklng or m.blentiag eny group of 

3*2«1»2»4«8 Text Presentation 

3. 2. 1.2.4. 9 Scratch Pad 

ae e eorJLfp2.‘’"l^nSite^°p^roS°d2ol"“' P>^-=entetlon 

KB signal senLd by the HJ. ^ ilsplay symbols consistent with each 


3.2.1.2.4.10 Computer Specified Symbols 


preaentation!" SS a'j^bola SJ^b': a«LSpo^3'-^“ ^^p:” H ^1 
presentation that is unalterable. ' ^ ^ ^ display 

3 , 2 . 1 . 2. 5 Presentation Criteria 

as /ollo^f presented on the face of the CRT of the DO shall be 
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3«2,1,2.5*1 Text Data 


At least 25 lines of 50 characters at minimum character size 

3. 2.1. 2. 5. 2 Character Relationships 

Width = 0.67 to 0.75 of height 
Character Spacing « 0.20 to 0.33 of height 
Line Spacing = 0.30 to 0.50 of height 

3. 2. 1.2. 5. 3 Character Size 

Weight 0.125 inches j minimum 

3. 2. 1.2. 5. 4 Number of Intensity Levplc 
Txm, minimum 

3. 2. 1.2. 5. 5 Refresh BatA 
50 Hz, minimum 

3. 2.1. 2.5. 6 Character Generation 
Stroke 


3. 2. 1.2. 5. 7 Position M.itr-iy 

1024 X 1024 (addressable locations) 

3. 2. 1.2. 5. 8 Occlusion Zona 

any « the bottom of 

3. 2. 1.2. 6 Display Information 

at least'^sL^fiSS^ be capable of storing for a read-only mode of operation 
information as a disp?fy"mLage!'^S sp;ciJl Sol^^Sys."" 

3*2el*2e7 Memory 

8196 16 “taU consist of nt least 

8196 x6-bxf: words of information required to support refresh of the d-i«=r,lay, 

Trl ^ fr" aa Reef Only ffiCW steU S 

li-rge enough to contain ail necessary display format^ 
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3. 2. 1.2.8 Built-in Test EaulnniP.r.f 

W and ir-iyboard'^Unit Sl'^deS Sd indicar^ in conjunction with the 
to a probability of 0.96 or better unn ®“Sle-solid failures in the 
detection and indication shill invllll^, r command. Failure 

interpreted by an operator, Syboard Unit ^ displayed on the DU, 

Input/Output, I/O unit (i.e., to test the cooperative computer - 

a detected error occurs, the EU shall buses). Whenever 

the computer(s) and keylolrj fon^ol\l^r "" to 

3*2.1,2#9 Potfer 
3#2 *u* 2*9*1 Input Pqwbit 

snerglae.d'vy™ pJSJ '*en 

loss, th. anergency transient chart -.teri'stlcfSrfw S 

3. 2. 1.2.9. 2 Grounding and Isolaffor, 

grounding, power returns^'^2d^IhiflIs?‘^a“|*f^°^/®°^^ of circuitry from 

normally and under failure conditions* esbaii°^ isolation of input power, 

-Lure conditions, shall conform to MF0004-002. 

3. 2. 1.2. 9. 3 Power Dissip af-ir.r, 
ponar. aSLlSSa.: co'S^ondf 

temperature derating criteria LtabllsblJ^^ without compromise to the 
The derating criteria shall be compatible w^Ih^S'ISSbrniy^ljl^^I^^^ 

a. Operation - 225 watts 

b. Standby - 10 watts 

3. 2. 1.2. 9.4 Power Conversion 

ages as ^eguireS^^Conversion^SSnLi?'**^,!^^^^ internal operating volt- 
the requirements of MF0004-002.^ ^ characteristics shall conform to 

3. 2. 1.2. 9. 5 Power-on Sequpr»f,o 

InltlatalfiSSy s1a5Sp“ SS “nf L??- ““ 
power-on sequence shall be^equired. "^.tiulization sequence. No special 
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3*2.1«2^9«6 Power-off Sequence 


_ _ Removal of input power from the unit shall be sensed and shall 
sSli^be shutdown sequence. . • special power-off sequence 

3*2«1.2*9#7 NonnaX Power Transient 

defined in Specification 
0004 002, Figure 1, shall not cause unit malfunction or sync anomalies. 

3«2»1«2.9*8 Abnormal Power Transients 

Input power transients witain the limits defined in MF0004-002, 
i^re 3, shall not cause equipment damage or spurious behavior. For under- 
voltage transxents which exceed normal limits as defined in 3. 2. 1,2. 9. 7 above, 
execution of a shutdown/restart sequence is permissible. 

3. 2.1. 2. 9. 9 Power Interruption 

Loss of input power shall not cause any EO malfunction transmission 
ot erroneous signals noi' create any operating anomalies. 

3.2.1.2.10 Weight 

weight of the digital electronics unit shall not exceed 37 pounds. 
Weight excludes control and display (C&D) interfacing logic and circuitL 

3e2«1.2.11 Dijnensions 


7 69 contained in an enclosure not exceeding 

7.62 inch height x 10.13 inch width x 19.62 inch depth. ^ 

3.2.1.3 Keyboards 

Two keyboards shall be provided as specified herein. 

3. 2. 1.3.1 General Keyboard 

The general keyboard at Panel L-iO shall be the primary device issu- 
ing commands to the computer for experiment control and disnlav and for tpc! 
commands. The Aft Flight Deck panel designations are presented in Figure 3,2-1.' 

3. 2. 1.3. 1.1 Key Functions 

Q = 1 1 ,"^® functions performed by each key shall be identical to that of the 

Spacelab Keyboard specified in tIATRA EQ-MA-0010. 

3.2.1.3.1.2 Key Layout and Nomenclature 

The key layout and nomenclature shall be identical to the Spacelab 
keyboard specified in MATRA EQ-MA-0010. 
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3. 2. 1.3. 1.3 Control and Status 

the Spac2ab^keJbScl!^^^^ Identical switches and indicators as 

3. 2.1. 3.1.4 Built-in T est Eouinment BTtb 

board "ibbiB the key- 

*0U„ree o. the eetdre 

3.2*1,3*1»5 Power 

requirements~^Ln energize2by^a^p?Sf specified performance 

or 115 plus or minus 5 volts, 400 Hz AC ^ 1 a 1 r^ minus 4 volts DC 

MF0004-002. In addition, the keyboard < 5 hfl 7 i'*f characteristics defined by 

out damage or data loss, the eSS2 £aS2l‘'^r ® withstanding, with- 
MF0004-002. emergency transient characteristics defined in 

isolation of circuit^^fro2g2uSina equipment grounding; for 

isolation of input power, normally and nnd^^ re urns, and shields; and for 
to MF0004-002. ’ normally and under failure conditions, shall conform 

10 wetts^ma Sy keyboard shall be designed to dissipate 

defined to sS^ctoSn SoI^Of? ragure'TshlJr^r'* 

or sync anomalies. ® '^^"se unit malfunction 

e. Abnormal Power Trarxs-jonft. 

- «oa7-«snre T,-^, 

keyboard 

ing anomalies. erroneous signals nor create any operat- 

3. 2,1. 3 , i.'" Weight 

The weight of the keyboard shall not exceed 15 pounds. 

3»2el*3.1*7 PlmensionR 

inch height x 16,63 inch^2dth^x*^7?7s2nch d” exceeding 2.75 

panel/chassis per MIL~STD-189*. * ^ mounted into a 19 inch 
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3.2. 1*3. 2 Secondary Keyboard 

A 32 key keyboard may be considered for the performance of the follow- 
xng functions in support of the display unit, located at Panel L-11: 

a. Select a video channel for display from the CCTV system, 

in manual pointing control operations such as selec- 
tion of the applicable instrumentation pointing system. 

. . Osdicated buttons such as **start reposition command” for cross- 

hair pointing. 

mission unique functions, including video overlay applies- 

wXwXlS • 

3. 2. 1.3. 2.1 Power 

The power requirements for the secondary keyboard shall be identical 
to those specified in paragraphs 3. 2. 1.3. 1,5. a through 3.2.1.3.1.5.f . 

3. 2. 1.4 Special Features 

3.2. 1.4.1 Crosshair Polntinp^ 

Crosshair pointing is an efficient method by which an instrument 
(mounted on an instrument pointing system, IPS) can be positioned to a partic- 
ular area of scientific interest. ^ 

3. 2.1.4. 1.1 Position Crosshair 

The EU shall accept two inputs which provide the horizontal and vertical 
positioning coordinates. The EU shall generate the crosshair and position it 
on the display at the position specified by the two inputs. The EU shall con- 
vert the two inputs to a digital signal and output this digital signal (repre- 
sentxng the crosshair position) to the computer. 

3.2.1.4.1.2 Reposition Command 

The EU, upon command from the keyboard or momentary switch, shall send 
a start reposition command to the computer. This will cause the computer to 

initiate a repositioning sequence to the applicable instrumentation pointing 
system. ^ ° 

3. 2. 1.4. 1*3 Crosshair Undat-inp 

.u ^5® crosshairs shall track the IPS from the offset position to the center 
IPS^translation^^^*^*^^^^””^* updated from the computer during the 
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3«2«1»4*1<4 Screen Center 


Capability shall be 
center indication. 


provided for displaying an electronic 


screen 


3. 2. 1.4. 2 Video Dis play Unit - Li ne 

ctiaracterxstics of the 525 line system shall conform to EIA standard RS-170. 
3*2.2 Physical 


The physical requirements for the MFCS 
3.2.1 presented herein. 


are included under paragraph 
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3.2.3 Reliability 


Reliability provisions shall be in accordance xri.th KHB 5300.4 (ID-1). 
^•2*3.1 .Critical Single Failure Points 

As a design goal, the MFDS shall have j.o single failure t-h.i- rwn 
jeopardise achieving the experiment obiectives \ ^ 

practical, sufficient safetv ^ j f systems where this is not 

of occurrence. ^ minimise the probability 

j^ailure Deterrent and Detection 
The design shall incorporate the following; 

MFDS sIieXI bs dssisnsd siicb tbat* ^ ^ ^ 

oTottrco%oSr Sss: 

loos.nin^’duSSl5vlSf° •>. poslttvdly locked to prevent 

not override®ScmS“ej3tem%SeS^^^ procednree shell 


elude haciwaS“SSlaSon°hnsta? “ designed to pre- 

connecting aiLTo““aSe configuration, differed 

3. 2. 3. 3 Reliability Goa Is 

The reliability goal of the MFDS operation shall ba TBD. 

command S%SSS“bjLS«s"sha'S’be1Jrior"fortS^^^ 

3.2.4 Maintainahil -t ^y 

and lnst2!er"o L“trSrn\r1oS^^ 

xaciiitate the performance of such tasks in a reasonable period. 
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of time with minimum hazard to equipment and personnel. Maintainability 
criteria in accordance with MIL-STD-470 shall be used. The design shall pro- 
vide for maximum use of standard tools and test equipment. ^ 

3. 2. 4.1 


Installation/Removal/Replacement OoeratinTig 


The installation or removal of the payload dedicated controls and 
isplays panels or consoles shall be accomplished at the launch site upon 

Shuttle Orbiter. The sei-vicing of the payload ded- 
icated controls and displays panels or consoles shall be consistent within 

and jIc “ specified by dsc 07700, Vol. XIV 

tntegrntSn,'^Sd®?nSf^ 

3.2«4«2 Scheduled Servicing 

scheduled maintenance freouencies 
for critical- limited items are not less than TBD years. 


3.2.5 Operational Availability 


This preliminary Part I CEI shall be updated as required bv the PS 
Contractor shall maintain this document in the final 
rart I CEI form through the change control system established. 

o • ^ document shall be submitted at the Preliminary Design 

Review (PDR) for final approval by MSFC prior to the start of the DevelopmSt 
Phase. Review Item Disposition (EIDs) written against the CEI and approved 
shall be incorporated into the Part I CEI. After acceptance by MSFC, this 
docment will be Government property, and shall be formally controlled as 
such in accordance with the requirements of the procuring activity. 
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3.2.6 Safety 


Volume XIV, or contained herein. Hazard definitLn ciaSlf?LMl ^ ’ 

Shuttle Program, end TO 1700.1, haL Safety 

3, 2. 6.1 Crash Safet"^ 


%e MFDS or any part or component of the AFD core C&D shall T,r.<- 
Js2o 7700? vSLf landlns conditions specified in the 


3.2.7 Environment 

3. 2. 7.1 Natural 


3. 2. 7, 1,1 Transportation and Storage 
3*2.7#1*2 Handling 

The ®DS shall perform as specified herein after exposure to the 
unSkSd! In JSC-07700, Volume XIV „hS handled 

3. 2. 7. 2 Induced 

3.2. 7. 2.1 Flight Operational 


a. 


b. 


Temperatures Minimum; 

Maximum: 

Pressure: Minimum; 

Maximum: 


Minus 20*^P (operational) 

?«..o performance requirements) 

Plus 120 F (full performance requirements) 

12.36 psia, continuousj 8 psia for 2 hours 
18.0 psia 


c. Humidity; 


Minimum: 8 percent relative 

Maximum; 100 percent relative 
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d. Sale Fog: Exposure to 1-percent salt solution by weight 

e. Lightning: In accordance with JSC-07636 for Indirect effects 

f. Random Vibration: 

1) Qualification — Acceptance Vibration Test (AVT) 

Acceleration Spectral Density 

20 to 80 Hz Increasing, at plus 3 dB/octave, to 0.067 g^/Hz 
at 80 Hz ® ' 

80 to 350 Hz Constant at 0.067 g^/Hz 

350 to 2000 Hz Decreasing, at 3 dB/octave, from 0.067 gVz 
at 350 Hz to 2000 Hz 

Duration: Five times AVT per axis 

2) Flight 


Acceleration Spectral Density 

20 to 150 Hz Increasing at plus 6 dB/octave, to 0.09 e^/Hz 


150 to 900 Hz Constant at 0.09 g^/Hz 

900 to 2000 Hz Decreasing, at minus 9 dB/octave, from 0.09 
gyHz at 900 Hz 


Duration: 

g. Acceleration: 

h. Shock 


48 minutes per av?p 

Plus and minus 5 g*s in- all major axes 


1) Landing: Rectangular pulses of the following peak accelera- 
tions, time durations, and number of applications 
in the vertical (up) direction during landing. 


Acceleration Duration 


(g peak) 

(ins) 

Application 

0.23 

170 

22 

0.28 

280 

37 

0.35 

330 

32 

0.43 

360 

20 
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Acceleration 
(e peak) 

0.56 

0.72 

1.50 


Duratiot . 
— Cms)_ 

350 

320 

260 


Application 


9 

4 

1 


2) Transient: 5 to 35 Hz; plus and minus 0.25 g peak. 

(Transient shock may be simulated by vibration 
one sweep from 5 to 35 Hz at one octave per 
mxnute.) 

3. 2. 7.2. 2 Honoperatlonal 

e. Temperature: Minimum: Minus 65^F 


b. Pressure: 


c. Shock: 


Maximum: Plus 120°F with extremes of 150°F for 6 

hours per day 

Minimum; 3.28 psia 
Maximum: 18.0 psia 


1) Bench Hendlinsi As epeclfied In Mll-Sm-SlO. Method 516.1, 

Procedure V. 


2) Basic Design: 

3) Crash Safety: 


d. Ozone: 


20-g terminal sawtooth shock pulse of 11-ms 
SrecSons) orthogaal axes (both 

40“g terminal sawtooth shock pulse of 11-ms 

three orthognal axes 
* Equipment and its mounting 
attactoents shall not break loose, create a 
personnel, or prevent egress from 
crashed vehicle. Operating performance is 
not required after thie test. 

3 to 6 parts per hundred million (phm). Total oxi- 
dant concentrations may reach 60 phm for 1 tf3 
hours in any 24-hour period. 


e. Fungus: As specified in MIL-STD-810. 
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3.2.8 Transportabilitv/Transportatlon 


The MFDS shall be shipped in a GSE container specifically designed to 
protect the hardware during highway and air transportation. Vibration, 
shock, pressure, temperature, humidity and contamination shall be controlled 
to levels specified below. Provisions shall be made in the MFDS structure 
foT suitable tie-down, lift and attachment points. All handling and trans- 
portation equipment shall be compatible with applicable structural and environ- 
mental limits. The MFDS shall be designed to be transported in either the 
horizontal or vertical position. 


3,2.9 Storage 

The MFDS shall have a storage life of ten years. Control shall be 
maintained on all parts and materials which are sensitive to age ^ 

age environments specified in paragraphs 3. 2. 7. 1.1 and 3. 2. 7. 1.2. These part 
materials shall be identified, and if deterioration is a factor during storage 
or after installation for use, the maintenance procedures shall indxcate a 
jgpiacement cycle or the necessary retesting. 


3.2.10 Operability 

3.2.10.1 Operating Life 

The MFDS shall be capable of performing all operations specified herein 
for a minimum of 18,000 hours. 


3.2.10.2 Useful Life 

The MFDS p ba7 1 have a minimum useful life of 24,000 hours which is 
equivalent to 100 orbital missions In a 10-year period from date of de_ivery. 
The average orbital mission will be seven days; however, the design shall no 
preclude the capability to extend the orbital staytime up to 30 days. 

3.2.10.3 Shelf Life 

The MFDS shall be capable of operating in accordance with the require- 
ments specified herein for a time period of 10 years from date of delivery. 
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ON-ORBIT 

STATION 




PAYLOAD DEDICATED PANEL AREA 


^888^ afd core C&D 



ORBITER 


C&D 


PAYLOAD UTILIZED 


Figure 3.2-1 Orbiter AFD C&D Utilization 



^•3 Design and Construction 

Selection of Spec ifications and Standards 


2 rsSSrSHsT" ■SStXS:“=' 

a) NASA specxfications and standards. 


b) Federal specifications and standards. 


c) Military specifications and standards (MIL, JAN, or MS). 

d) Other Governmental specifications and standards. 


LlSSS” Sd “2 


f) Supplier specifications and standards. 

Specxficatxons and standards shall be selected using MIL-STD-143 as a guide 
3.3.2 General 


3. 3. 2.1 Materi als. Parts and Processes 


•ififi Farto, and Processes shall be in accordance with MSFC— STD- 

yLmStiZS™ r ^ "«terials“elaS^L“S 

verxrxcation plan defxnxng a proposed method for coordinatine and o££ioi*fln-,r 
chaniis S engineering drenlngs and aU 


3. 3. 2.2 Flammab ility Requirements 

installed^SS® used in the design of the MFDS or contained in equipment 


Outgassing of Materials 
3. 3. 2. 3.1 Internal Material a 


All materials used within the MFDS 
MSFC-DWG-10M90221 and MSFC-DWG-40M51264. 


shall meet the requirements of 
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3. 3. 2, 3. 2 External Materials 

line-of-“£t''SlS opSSuy“JSS surfa™f*h2f 

requirements of MSFO-DBG-SOM02442 Materlele conform to the material 

ment shall he submitted to rac L appSS! “ this require- 

3. 3. 2.4 Lubrication 


shall be^selectS‘'?n'*'r “oving parts exposed to the vacuum of space 

snaxi be selected in accordance with MSFC-STD-509. space 

3. 3. 2. 5 Soldering 

MHB 530of4(S)f“®SoLS\SjSS^s MfhS shall comply »lth 

1 A. Sections 4 thro«i»>. V requirements of RA064-001- 

NASA Quality Publication HPC20o”4^^Sr°q except that references to 

and mO-ASM-S-ScrS-ASro “ ®“00-4, HSC-ASPO-S-hAi 

replaced bv NHB 5 qnn Specif i. nation shall be deleted and 

repxacea by NHB ■5300.4(3A) . Any requirement of EAOfiA-flm_iA f-T,-.- 4 4 
sistent with the provisions of hrr q^no / /oa\ 4 ^ that is incon” 

provisxons of NHB 5300. 4(3A) is superseded by KHB S300.4(3A). 

3*3.2.6 Restriction of Ose of Mercury 

no satisfSo^ SbSim«°LI2rof™ Sf T ^ Whare 

used, the lusSfSSorfLISf L T ^“tmate design or method cannot he 
prevent its“2aia^ a^ ^ 0^0 Zl f Ptotection provided to 

lease shall he submitted to MSA/MSFc“of 

3.3.3 Aeronautiral 


Not applicable. 

3.3.4 Civil 

Not applicable. 

3.3.5 Electrical 


3.3. 5.1 Electrical Wiring 

required^’ All^Sa^h® installation shall consist of cable harnesses where 
requxrea. All wxre bundles, harnesses and cableq avr«i-n«.i d.^ wnere 

or vehicle shall conform to MSFC-DWG~40M395!?2 wire ' a a ‘^°®P°nent 

shall conform to Specification MIL-C-17 " * cable harnesses 
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sa^•^<sf When etching of wire insulation is required in the MFDS to nrov?f?o 

”n" shape, immerse only the bent portion in the et^Lnt ^and bold^^S^ ^ 
above the etchant level. The unetched Ld °P®" 

prior to neutralisation of tL etSant EleJtS^aT ^ 

or coated with polyetrafluoroethvlene o-r wire wr cable insulated 

be etched prior to potting to asLra Tnar-h ethylene propylene shall 

seal. Patting shall be accomplished slthS“See°:ec“"3£ 3chS^'°”"“'“^ 

3,3. 5*2 Electrical Connector Keying 

shell he%ed3r3hew£f cSfiSref tf 3 “3 ?” ““ 

other accesLble plugsTje^SSi ""“stloc »lth 

Bsssrical Cmmector Pin Asslemeot e nd Pin or Socfcet 

through adjacent pins of^^^elecScal^^e^M If' '’s touted 

thee mould constitute e single point failure as def4f S‘p3lSph”l?I?l! 

that Pto ;nd'^“L~33s1r3p%®3'Lef tHrl^^^^ ^ “ 

to ground. They also shall ho doo,« ? prevent power from shorting 

necL and dSSnS3e^“ro«gh t??3f of ■=“- 

nectors, or similar means? facing, explosion-proof con- 

P^Ptection of Electrical and ElectromV nogr-rteo o 

Electrical and electronic devices used in the MFDS ohaii 4 
protection against reverse nolarltv n^hl^ 7 , incorporate 

ing qualification, accentance and^oi-h *■ electrical inputs dur- 

the devices in a way that would not- h such inputs could damage 

n a way tnat would not be immediately and unmistakably apparent. 

and Electronic Pi^.o-Pon- ts, Closure 

structlon shall be used^in*^preferenc?^?~^*^^ welded closure con- 

closure construction Other ^ P^ece-parts with other types of 

program controls are 'imposed tnLsure'^thaniJS^^ adequate 

cause part deeradati*nn n-na j internal contamxnation cannot 

e part aegradatxon and failure under zero gravity environment. 


3«3»S«6 Electrical Gr ounding 


erenced to s l^ge'^t'’3rpS3'’'’''S. ' ’'‘’s festive buses shall be lef- 

poiut to the single-point ground shell f erom the main power return 

SL" ^»ell h% raplht o1 h3S 
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ffgaPonent Grounding ~ The primary DC power shall be isolated from 
all component structure. The component case ground shall be per MIL“B-5087B. 

3.3.5.? Electromagnetic Interference 

3. 3. 5. 7.1 Electromagnetic Compatibility (EMC) 

The MFDS shall be designed for electromagnetic self-compatibility 
and for electromagnetic compatibility (EMC) for all phases of the mission, 
and for EMC with the Orbiter AED during on— orbit operations. The electrical 
and electronic equipment shall not be a source of, nor be susceptible to, 
electromagnetic interference as defined by MIL-STD-461A and 462. 


3.3.5. 7.2 Corona Sunnresslon 

Electrical and electronic subsystems and components shall be designed 
so that their proper performance will not be impaired by corona discharge in 
normal operating environments and shall not be a source of interference which 
adversely affects the operation of other equipment. 

3. 3. 5. 7. 3 Lightning Protection 

Electrical and electronic components shall be adequately protected 
from high currents induced by the lightning occurring at the launch site. The 
case ground shall be accomplished with the case connected to the structure 
through low-impedance conductive mounting surfaces. Where shock mounts or 
theraal xsolation prevent this, then wide, flat, short bonding jumpers may be 
used in accordance with the bonding specification MIL-B-5087. 

3.3.6 Mechanical 

3. 3. 6.1 Design Safety Factors 


The design safety factors shall have an ultimate safety factor of 3.0 
and a yield safety factor of 2.0. 

3. 3. 6.2 Fasteners 


Threaded fasteners used for securing a single component, wherever 
possible, shall be the same type, size and tensile strength. Use of blind 
fasteners shall be minimized. Threaded fasteners shall be torqued per MSFC- 


3. 3. 6. 2.1 Accessibility of FastenArg 

Assembly and subassembly installations shall be designed such that 
access to threaded fasteners may be accomplished with the use of conventional 
tools. 
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3»3«6<2>2 Sccew Thgearfg 


Screw threads for 
(except for GSE) shall be 
MIL-S-7742 or MIL~S--8879, 


threaded fasteners used 
of unified thread form, 
as applicable: 


on Shuttle system hardware 
Class 2, in accordance with 


ifin ifQT ^^terial tensile ultimate strength levels 
160 kSI may be threaded per MIL-S-7742 or MIL-S-8879 
preferred. 


up to, but not including. 
Rolled threads are 


per IOL-S-8879!“SL^ir?hLaS®Sall bf rSLrffSrheS^Ir 
Screw threads used on airborne fluid systems fittinns •'hall 
thread form. Class 2, in accordance with MIL-S-7742 or^raL-S-8879 . 

3.3.7 Huclear 


Hot applicable. 

Moist ure, Humidity, and Euneus 

noisture/huMldlty .„d fungus shall be used which confoius SsiSSo. 

3.3.9 Corrosion of Metal Parts 

plating,\"n:diSS! SScL" ^oSgsl org^nxTSS^^^^^^ stress-relieving, 
of, provided that such protection is comnftibL^2^K^>?’ combination there- 
environmental requiremeLs. compatible with the operating and space 

3. 3. 9.1 Dissimilar Metals 

.«w-.£rs:: 

3. 3.9. 2 Finish 


special 


The MFDS finish shall be in accordance 
thermal finishes. 


with MSFC-SPEC-250, except for 


3.3.10 Contamination Control 

The MFDS cleanliness requirement is lOOK clean class per FED-STD-209 

3.3.11 Coordinate Sygi-pm 

Not applicable. 
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Interch anseabilltv and R^placeahiljhv 


and mlnSnaSf InSfar 

Changeable and/or replaSabL i ’ the M«ds subpanels shall be intL- 

panels »ill be desSarS“LSa£atlor?n =“>- 

pressurized module. “stalXation in both the Orbiter AFD or the Spacela 

3*3.13 Identification and Marlr-r-nfr 
3.3.13.1 Identification of Pa-rf-a 

apeclHcfSnrpfnrS:^^ sIS S nIal'Jf dd^^lP^rL^ ^ 

processes, and parts. Seller shall assign a new nart^niimhoi^!^ mterials, 

and be lot nnnbered'oltrSJ 
3.3.13.2 Supplier Part HumboT 

part aunb'^l/“&‘’?ra:^d'^of^th'f^^^ “ procnrenant 


to taatinrwltrtS“^G! ®~^VadSSri" 

“:^r;11eSar“%bSf^2r?M bLS^atofpSd^ction 

contraat Sth tta oo!„ if rt * distinctive and vivid 

tion location shall be clearly visible"to cas size and Identifica- 

used for the identifiLtioJ 2aTi k observation. Materials 

its operating envSo^S^ test specimen and 

ment is such the identification cairnni-^^^ configuration of the test speci- 
aeans such as attached metal tags shall brused? ®Pe°i“en, other suitable 

3.3.13.4 HameolateH 

include “^-SID-130 and shall 

SS/p^l S r. 

used. "“"bat. Abbreviations, in accordance irtth MIL-STO-12, may be 

3.3.13.5 Identification of Mir-tnfr 


Identification of wiring shall not degrade Insulation or shielding. 
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S-flP . »lcal and E lec tronic ■tef.r.nge 

f-i,« 1 , and electronic reference designations shall ^ 

the hardware in accordance with the USAS Y 32 ifi loS affixed to 

connectors). “ Y32. 16-1968 (for external electrical 

-Electrical a nd Eleetronir Svn.hr>io 

1 ffehejDatic information is affixed to tha ?m?nti j-'u •* 

electronic symbols shall be in aonfM-donr.® 4 4,-u ..t electrical and 

1967. ® accordance with the requirements of USAS Y32.2- 

3.3.13.8 Reidentification 

whenever redLign'^sSts^^a Sange”o SeSSnai changed 

funetlonal charaeterletlca fronlhTpr^lonT^wSi/^ 

3.3el4 Workmanship 

for hlgh^^n'SSf Slf Se eLje S°Se 


Hm°an Perf ormance/Hiirnsn Enginaar-?.,^ 


human op2atorwherwS\‘'mn-mac dine intSfa"^^^®^/"^ limitations of the 
forces, and other functional design charaSfristi^c®*'?’ Including torques, 
and work stations. The princinal^deSS I controls, displays, 

shall be MIL-STD-1472 and MSFC-STD-S12f^ ^ man-machine interface 

3*4 Logistics 
3.4el Maintenance 

a. The MFDS shall not require scheduled maintenance. 

and equipment for site^^SnteLnL^aS^enaiw w special tools 

and approved by the buyer shall h« aL- j Special tools, if required, 

throughout the life ofS ^Spmentf withstand the intended nsf’ 

Replaceable Unit (LRU)!*^^^ designed to satisfy the requirements of a T.-fna 

can be accom^LS by^the replSSS of Sh^ corrective maintenance 

MFDS design shall be Lch thS isSSLf ^ Replaceable Units (SRUs). The 
be accomplished during bench mintLLce 

or the addition of a system GSE test connen f-nr Interface connectors, 

isolation capability. connector is permissible to provide this 
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3*4«1*1 Ins t alXa ti on 

U..on 

b. Components shall be mounted in a manner to avoid blind adjustments. 

practical, shall be the same type, sice, and t2sUe1Si.Ettr ’ ^ 

d. Captive fasteners shall be utilized to fasten LRUs. 

3. 4. 1.2 Acce s slhim^-y 

a. Electrical connectors shall be accessible «•? framed- A 4 ^,^ 
removal of functional equipment or componLS?®®^ disassembly or 

accesslbJ; »^tS^ «qSri^neS^%(1cL^; •>- 

tS:kor“ — ScSL'^d'll” rSheT^ 

dian,eter?‘anf Jyp“‘““‘ °“ ^ '>® the sane length. 


3.4.1. 3 


Replacement 


dlsconneck.^°anre®nS2J°leveSrM^ ’'““''f “"J '-aplacement wlthont 

of a- LRU structuLl eleS le^±SL*; replaceable unit. If removal 

ofSe !isr°“' “ attachments will occ“ teinl nS“S*tSdling 

3«4»2 Supply 

.... v,ss“ •£!=? 
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components > subassemblies , and assemblies 
use l)y each subsequent activity phase that 


are available in stock and ready for 
may impact or influence the design. 


items: 








a. Part numbers 

b. Name of parts 

c. Quantity required and available 

d. Required delivery sites 
G* Planned use sites 


it may appear that a ahortage could occur prior « the S^ope^S?"'" “ 
facilities and Fac ility Eauipinpr.f 

existing f acilitiL . ^\hcse”s^e^f acilit^ received, inspected and stored in 

will Store the quSifi^d Jnd ^ 

delivery. and acceptance tested parts or assemblies prior to 


ments. 


No new or unique facilities will be 


required for the logistic require- 


3*5 Personnel and Tra-fTt^tlf> 


assurance, and test^practices”as^onlled*^f^ ®accfacturing, product 


to tha p“ou??S?a‘t“iSSi SrtEhv'’3“' «PPli=i 

needed tor paraouuel traiulugrSaiMigt^S^urauTJSSS!'^ 


MSFC or its designated 
the adequacy of the discipline 


Government quality representative will 
practices utilized. 


verify 
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3*6 Interface Reoulrementa 

Interprogram Interfaces 


cation isTSrr and^n^ ^ C&D program, of which this specif i- 
conSollL\rSn ^ programs Ce.g., Orbiter, Spacelab, lUS) will be 

3.6.2 Intraprdgram Interfaooe 

- “ s:,sT^: ™ 

projeS.*^^^ specific interface requirements applicable to the individual 



Figure 3.6-1 Intraprogram CEIs 


3.6.3 Intraprolect InterfanAo 
Not applicable 
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4.0 


VERIFICATION 


The verification program is designed to verify that the MFDS hardware 
conforms to the design, construction, and performance requirements as specified 
in Section 3 herein. Each requirement presented in Section 3 will he verified 
by test or assessment as specified in Section 4. 

4.1 General 


The following subparagraphs specify the organizational responsibility 
for accomplishing verification, verification methods to be used, requirements 
for test/equipment failures, and requirements for phased verification. 

^•1.1 Responsibility for Verification 

Organizational responsibilities for performing and supporting verifi- 
cation during the various verification phases of Paragraph 4.2 shall be as 

herein. Responsibilities are defined as primary and supportive. It 
shall be the Government's right to witness and verify the results of all 
verification accomplished. 


Verification 

Phase 


1. Development 

2. Qualification 

3. Acceptance 

*Legend 

MSEC NASA-MSFC 


*Organlzational Responsibility for 
Primary Supportive or Witness 


PS Contractor MSFC 
PS Contractor MSFC 
PS Contractor MSFC 


4.1.2 Verification Method Selection 

Verification methods shall include test during each verification 
phase as applicable," or assessment by similarity, analysis, inspection, demon- 
stration, and validation or records. These methods are defined in paragraph 

4. 3. 1. 

4. 1.2.1 Design Margin Verification Selection 

Where integrity is verified by analysis only, the following factors 
of safety shall be used; 

Yield Factor of Safety - 2.0 
Ultimate Factor of Safety - 3.0 
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4.1.3 Flight Hardware Failures 


Failures of MFDS hardware occurring during qualification, acceptance 
and integrated system testing shall require a complete analysis of each fail- 
ure and corrective action documented by a non-conformance report The PS 
contractor shall secure agreement from the designated NASA representative 
concerning adequacy of the corrective action before these tests can be resumed 
after the occurrence of each failure. Retest or assessment shall be performed 
to establish the adequacy or corrective action and restore validity of pre- 
vious testing* The PS contractor shall report immediately to MSFC any 
unusual phenomenon, occurrence, difficulty, or questionable condition occur- 
ring in the conduct of the test. 


4.1.4 Test/Equipment Failures 

Test policy for the MFDS shall include tests which demonstrate a 
completely checked out end item within specif icat rip performance of all sys- 
tems for flight readiness. To this end, the tes^ ^ .'ogram shall encompass: 
all component and system malfunctions corrected or satisfactorily explained 
and accepted to certify flight readiness, and appropriate reverification 
required following equipment replacement because of failure or other reasons. 

Retest shall be performed after failure or equipment replacement to 
the extent necessary to restore confidence in the equipment. The retest 
requirements shall be specified at time of failure or replacement and shall 
be a part of the controlling documentation. Reverification may be deferred 
to the next scheduled functional test of the affected hardware. Reverifica- 
tion must be accomplished prior to launch for flight equipment. 

4.2 Phased Verification ReouirenKantg 

verification of the Section 3 requirements shall be as specified 
^ ® aragraph 4.3 Verification Cross Reference Index. Definitions of the 
verxfication phases follow in Paragraph 4.2.1 through 4.2,8. 

4.2,1 . Development 


verification is the process for verifying the feasibility 
of the design approach and to provide confidence in the ability of the hard- 
ware to pass qualification. >fhere visibility and control of vendor hardware 
development is required, appropriate direction shall be included in the 
applicable procurement drawings/specifications. 

4.2.2 Qualif ication 

rn. Including all components shall be qualified prior to launch. 

Where visibility and control of vendor hardware is required, appropriate direc- 
tion shall be included in the applicable procurement drawings/speclfications. 
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a. Test - Qualification Testing. 

strationj (5) ValilSSim Analysis; (3) Inspection; (4) Demon- 

Qualificacion testing methods are defined in the f nil nr • 

Assessment methods definitions are presented in Paragraph^A^^J?^’’^^ Paragraphs. 

A*2.2.1 Qualification TeR^^nq 


tlonal and environmental tests^eonduJtS ™ flinht T ^ 

cest eondltiona notmaUy mSree^rf ? tardmare at environmental 

lish that the hardware will nerform conditions to estab- 

wlth snffielent mar£n. aatlsfaetorlly in the nse environments 

4#2*3 Acceptance 

to launc“° Sre'‘SSS2tf *’= tested prior 

cations. Test types, durations and“lOTeU 

testrng shall be applicable to component thSS systTlfvel: 

^*2.3.1 Componen t Acceptance Tea^^T<pr 

acceptanSTvS‘en^JrSMfStr^^' Pcrformance/functlonal and 
apecLicatioS. Ms SSS 

and workmanship defects that*oannot^ manufacturing flaws 

nlques as weU afySfyl^Ltn^ n I>y normal inspection tech- 

including envIroLSa?eSSL«r apcciflcatlons 

Subsystem/S ystems Acceptance 

acceptance tests to d™onstrat&^^°^i ^ appropriate following component 
and systS ? • ““Pl^-^nce to specifications. Subsystem 

flight supply voltages wlll™re^MSS“® IPtPrfccca « normal 

A*2.3.3 MFDS Acceptance Tli■■c!^^^ny 

delivery’s ttfnSt MSe?°SSrS ^“1°“ “ “ 

system to system interface checks. ope?atlra%t“lSjJlinai'^®ey"S!jfr 
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durations Ind simulation tests. Test types, 

^•2.4 Integrated Svfi^PTng 

MFDS wit^tL^oSuer^^SpacflS^ testing performed after the mating of the 

of the Mission Contractor. The PS^SoSractor responsibility 

Contractor. ooncractor shall support the Mission 

^•2*5 Prelaunch Checkout 


Co.tracto~4Vps1:S^^^^^^ 

^•2»6 Launch 


y* n 


4.2.7 Flight/Mission 


Contract®? responsibility of the Mission 


4.2.8 Post-FlltTh^ 


This phase of 
Contractor. 


testing will be 


the responsibility of the Mission 


4.3 


Verification Cross-Reference Indpv 


refer^roflS^Sac^Sra'J^uS ? °“-*»r-one cross 

Verification shall be by teat or a«?«sf=iR«mQ« 4 . m Section 3 requirement* 
escribes in Paragraph 4.2. Assessment r«thods14*d^S^a'’bS“.’'“' 

^•3.1 Msessment Methods 


tionj (d) validation^S^rLorS^and S SonSSo^^^ analysis; (c) inspec- 
Oi. the methods as used herein follows: ^ ®®°«stration. A brief definition 
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it can b^deSStStS similarity shall be considered if 

ware (fiig,, ^r usagT^^LSeT Iha^^^L'Ir^'-'r -PPlication ollard- 
in design and manufactuSng process tfanLtbirri? identical 

been qualified to eaulvsTo^f-^ “ another article that has orevln„=iv 

Skylab, Apollo and/or Gemini SrdwareK^ environmental criteria (e.g., 

in addition toSSwng be used for verification in lieu of or 

The selected technique specification requirLSs? 

statistics, qualitative analysis anal^ engineering analysis. 

Analysis may be considered when it can be deteSnid^Jtetr^"'®'' simulations. 

Ji applicable. 

) Verification by inspection is not adequate. 

of complianc?StrSawi^7^^ coSS^'^Sr verification 

used in lieu of or in confuictSJ ^°^w’ ^terial compliance, etc) may be 
(e.g., dimensions, bonding, assembly 

item accf^taS r trvgifv during records may be used at en,, 

rlight hardware and associated suppor^SSenr''"''^® Processes for 

tranportaMllffSS^d^ar^^^ techniques (e.g., service access, 

be used in lieu of or in conjunctiorwith%! J Provisions, etc) may 

requirements. njunction with test to verify compliance with the 


Verification Requi r ements 


Table 4.1. The left-hand column of are identified in 

requirement by paragraph number and SerrSSiJfr^'h^'^®® Section 3 
the paragraph. The verification methL(s) S? "““her of 

are presented in the matrix. The ricbt various verification phases 

Verification Plan paragraph number which*^rf identifies the applicable 
tion of each verification requirement. ^ 'Jefines and directs implementa- 

— ®t Sup_ port Requirements 

test 

an d Eoulpmenf^ 

egencies^i.d^™tSteS‘sW^^^^ °5 «l>=t Govere„ant 

uciiized to the maximum extent practicable. 
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b. MFDS test activities including test facilities/equipment. person- 
nel, and proaednras shall be eatabllahad and inelnded In the Ve?lf“«IoriLn. 

j 4= Maximum use of the same or common MFDS test equipment shall be 
used for testing at multiple locations to assure uniformity of test results. 

..t, 4 . a. f* test equipment shall be designed with a fail-safe goal such 

that test equxpment failure will not degrade flight hardware. All\est equip- 
ment shall be^tested prior to interfacing with flight equipment to ensure\hat 
no carnage or de^adation to flight hardware will be induced. Appropriate 
tolerances shall be identified in the procedures, taking into account test 
equipment capabilities and flight hardware specifications, such that the test 
results will verify compliance with the flight hardware specifications. 

4.4.2 Articles 

identifie^^ articles, if required to support the test program, shall be as 
4.4*3 Software 

Requirements governing software utilization in support of verification 
operations shall be as identified. verirication 

4.4.4 Interfaces 

verification requires interfacing of the MFDS with other 
STS Project facilities/equipment, the Mission contractor shall direct and support 
the test activities in accordance with the applicable contractual agreement (s^ 
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TABLE 4-1 VERT FI CATION CROSS-REFERENCE 
REQUIREMENTS FOR VERIFICATION 


SJIEET 1 OF 7 


NOMENCLATURE: 

CRIT. CAT; 

CEI NO. 

■ - 1 

CEI SPEC NO. 


VERIFICATION METHOD VERIFICATION PHASES 

2. ASSESSMENT t' oUALTFTrATTnw 

h’ ImLYSIs'^ 

d* DEMONSTRATION p VLTPUT W'RTPTPATf'TOTiT 

e. VALIDATION OF RECORDS ei SS 

H. POST FLIGHT 

N/A = NOT APPLICABLE 

PERFORMANCE/DESIGN 
REQUIREMENT REFERENCE 

\ VERIFICATION METHOD 

TEST/ASS 

ESSMENT 
[ENT REFERENCE 

N/A 

A 

B 

C 

D 

E 

F 

G 

H 

REQUIRE^] 

3. 2. 1.1 Display Units 


1 

1 

1 






4.2.1, 4. 

2.2, 4.2.3 

Brightness 


1 

1 

1 






4.2.1, 4. 

2.2, 4.2.3 

3. 2, 1.1. 1.1 Manual Brightness Control 


2d 

2d 

2d 






4*3. l.e 1 

Automatic Brightness ” 


1 

2d 

2d 






4.2.1, 4, 

3.1.e 

3»2«1«1.2 Contrast 


1 

1 

1 






4.2.1, 4. 

2.2, 4.2.3 

3»2«X«1«3*1 TV Scan Resolution 


1 

1 

1 






4.2.1, 4. 

2.2, 4.2.3 

3.2, 1.1.3. 2 Line Width 


1 


1 




• 


— 

4.2.1, 4.2.2, 4.2.3 

3^2,1, 1*3*3 Resolution 


1 

1 

1 


— 




4.2.1, 4. 

2.2, 4.2.3 

3. 2.1,1. 3. 4 Video Bandwidth 


1 

1 

1 






4.2.1, 4. 

2.2, 4.2.3 




REQUIREMENTS FO R VERIFICATION 
NOMENCLAT URE; 

CEI NO, ““ 

PER FORMANCE/DES I GN 
REQUIREMENT REFERENCE 


3. 2. 1.1.4 Lineari ty 

3. 2. 1.1.5 Jitter 

3.2. 1.1.6 Position Stability 
I 3,2,1. 1,7 Positio nal Error 

3. 2. 1.1. 8 Display Cen tering 

3. 2. 1.1. 9 Phosphor 


,3.2,1.1.10 Bite 


,3,2.1.1.11 Color 


—^*^*^ *3., 12 Screen Area 

_3.2.1.1. 13. 1 Input Power 


[3.2.1.1.13.2 Groun ding & 

3.2.1.1.13.3 Power Dissi pation 

3.2.1.1.13.4 Power Conver sion 

3 .2. 1.1.13.5 Power-on Sequence 


Table 4-1 Verification Cross-Reference 


3.2.1.1 .13.7 Normal Power Transient 

3.2.1.1. 13.8 Abnormal Power Transien ts 
,3,2.1.1. 13.9 Power Interruption 
j-*^«T.l,14 Weight 

3. , 1. 15 Dimensions 

3. 2. 1. 2 Electronics Unit 

Symbol Arr ays 

3.2. 1.2.2 Symbo l Elements 


f CEI SPEC NO. 
VERIFICATION METHOD 


SHEET 2 OF 

— jcRIT~&VT; 
TEST/ASSESSMENT 

requirement reference 




4.2.1, 4.2.2. 472T 




ii.2.1, 4.2.2. 4.2,3 



4* 2. 1 , 4,2.2, 4.2,3 




Table 4-1 Verification Cross-Reference 


RWiUIREMENTS FOR VERIFICATION 











SHEET 4 OF 7 



CEI SPEC NO. 


test/assessment 
requirement reference 

WH ■ 



• K'lhlo I ViT I r I I lull 

IlKlJUtRl'MliNTS R.m VKRl FfCATION 












REQUIREMENTS FOR VERIFICATION 

I clatureV ^ 

77 “ * 

PERFOIiMANCE/DES ION 
requirement REFERENCE 

* X Cro-sli S&fQty 
_Env^ronlnen^ 

X Natural 

1«1 Tran sportation and Stnrac>t> 
1»2 Handling 
2 Induced 

^._l Flight Operational 
2»l.a Temperature 
Z.l.b Pressure 

^»l.c Humidity 
i.l.d Salt Fog 

L-l»e Lighfctrtng 

U.l»f Rando m Vibration 
:^l.g Acceleration 
♦l.h S hock 
.2 Nonoperatr ^nnni 

■3*2^7,2>2^a Temperature 
Pressure 

3>2>7 >2»2>c Shock 

,^2#7^2^2>d Qgone 

•3_*_2^ 7« 2, 2»a Fiinpcus 

^^^^^~£S5gH2£ ggbility/T^^^ „„ 

3.2.10 Storage 


Table 4-1 Verification Cross-Reference 


-p-- I CEI SPEC NO. 

^ verification METHOD 

«mMMc|d|e|f1gIh 


SHEET 6 OF 7 
IcRIT CAT: 


TEST/ASSESSMENT 

requirement reference 


Table 4-1 Verification Cross-Reference 


REQUIREMENTS FOR VERIFICATION 



5.0 PEEPAEATION FOR DELIVERY 
Not applicable 

6.0 NOTES 


6.1 Definition and Design 

tfii lfc^func^on ,. Display System ~ AFD Hardware (located at Panels L-11 & 
L-10) consisting c' two CRT displays, electronic unit and keyboard. The sys- 
tem IS used to control & monitor payload experiments on orbit. 

... Equipment - Circuitry provided to perform continuous 

partoeters, groups of parameters, or functions of the 
LRU to provide a go/no-go indication. This type of built-in-test caoabilitv 
contir*^^® those implementational techniques that are autonomous and^provide 
continuous real-time monitoring, but do not interrupt normal operation Ti tL 


Circuit Televisi on - Orbiter equipment consisting of TV cameras 
(located in the payload bay and forward section of the orbiter) and TV moni- 

f ^lisht Deck). The system is used foJmonit^iSrof 

payload bay and cabin area activities. ‘^«-ui.xng or 

Pn^t - The display unit consists of one CRT monitor (either 

^ integral part of the multifunction dis- 

in present experiment status and data 

in the form of alpha numerics, graphics and video. 

- . g ^ctronic Unit - The electronics unit is an integral part of the multi- 

function display system. It interfaces with the various flight computers and 
interprets computer commands. It creates and controls all displays^for the 


Ground Support Equipment — This ground equipment consists of a mini- 
computer, CRT display keyboard unit, mass storage, line prJntefLfiiuJr 

playrhSare.^^ checkout and verify the AFD core controls and dis- 

i. q^ , c , rc9nnecting Stations - Spacelab equipment used to tie AFD core 
equipment to either the Spacelab subsystem or experiment data buses. The inter- 
buses*^^^”^ stations isolate and protect the buses from the equipment on the 

In put-Output - Interfacing hardware/ softwa -* between a computer and 
the equipment it is monitoring or controlling. 

X nppyOtttpRt Processor - Similar to input/output but with additional 
data formatting and processing. 
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iflh nr, Acquisition Unit - Spacelab equipment used to interface a Snace- 

lab computer to various experiments for monitoring and control. ^ 

digital l o^ °°TLy”°r ' " the storage of information in 


digital device used for the storage of information in 

digital form. This information may be changed as required. Information in 
memory can either be obtained (read) from memory or placed (.,rit?S) in^'Lmory. 

Lxne Replaceable Unit - A combination of components, units, parts 
assemb.Lies, subassemblies, etc. that are contained in one package or^are so 
arranged that together the combination is common to one mounting and in addi- 
tion, provides a complete function to the larger entity mtthin Lch is c?"ates. 

|^p.,.figp^aceable Duit - An integral subassembly of an LRU consistine of 
units and parts or a combination of parts ao arranged Let togXrjhrJS^l- 

SL ?e*el,°T°” "■“'"■tins end, in addition, provides a complete 

tion to the larger entity within which it operates. 

6.2 List of Acronyms 


AC 

AFD 

AVT 

BITE 

B&W 

CCTV 

CDR 

CEI 

CIL 

CRT 

C&D 

DC 

DDU 

DU 

EMC 

EU 

FMEA 

GFC 

GSE 

Hz 

I/O 

lOP 

IPS 

IS 


Alternating Current 
Aft Flight Deck 
Acceptance Verification Test 
Built-In-Test Equipment 
Black & White 
Closed Circuit Television 
Critical Design Review 
Contractor End Item 
Critical Item List 
Cathode Ray Tube 
Controls & Displays 
Direct Current 
Data Display Unit 
Display Unit 

Electromagnetic Compatibility 
Electronic Unit 

Failure Modes & Effects Analysis 
General Purpose Computer 
Ground Support Equipment 
Hertz 

Input/Output 
Input Output Processor 
Instrument Pointing System 
Interconnecting Station 
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KB 

LRU 

MFDS 

MHa 

ms 

MS 

OOS 

PDB 

PDR 

Phm 

PS 

EAU 

RID 

ROM 

R/W 

SE&I 

s/l 

SRU 

STE 

TBD 

TV 

WBS 


Keyboard 

Line Replaceable Unit 
Multifunction Display System 
Mega Hertz 
Milliseconds 
Mission Station 
On-Orbit Station 
Power Distribution Box 
Preliminary Design Review 
Parts per Hundred Million 
Payload Station 
Remote Acquisition Unit 
Review Item Disposition 
Read Only Memory 
Read and ffrite 

^sterns Engineering & Integration 
Spacelab 

Shop Replaceable Unit 
Support Test Equipment 
To Be Determined 
Television 

Work Breakdown Structure 
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PRIME EQUIPMENT DETAIL SPECIFICATION 
PART I 

PERFORMANCE, DESIGN AND VERIFICATION REQUIREIiENTS 
MULTI-USE MISSION SUPPORT EQUIPMENT 

CEl NO. 

FOR 

aft flight deck CORE 
CONTROLS & DISPLAYS 


APPROVED BY 

CODE IDENTIFICATION 


APPROVED BY 


NASA 


DATE 


DATE 


TABLE OF CONTENTS 
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1.0 SCOPE 


specification provides preliminary performance requirements for a se- 
2fc equipment (MMSE) to be used in the Shuttle Orbited 

a. »ne.c;Ztr: , 

the AFD core C&D. panexs li/, L11 and A7, as part of 


2.0 APPLICABLE DOCUMENTS 


referenced here end other detail eSLt of tSa epeeSoftion 'ThfdfrT"“ 
quirements herein shall be considered supersedine ^ ttie detail re - 

baio»-iis^s“LtSs “Siiru^oix 

thoaa a ^ listed documents after review and approval by MSEC Reference to 
these documents contained herein shall be by basic number only. 

2.1 Specifications 


MSEC Specifications 

MSFC- SPEC-250 
Amendment 1 
26 February 1964 


2.2 Standards 


CEI Para . 

Protective Finishes for Space 3.3, 9.2 
Vehicles Structures and Associ- 
ated Flight Equipment, General 
Specification 


MSFC Standards 

MSFC-STD-512 
12 August 1974 


MSFC-STO-486 
Amendment 1 
July 1970 


Standard Man/ Systems Design 3,3 15 

Criteria for Manned Orbiting 

Payloads 

Threaded Fasteners, Torque 3.3,6.; 

Limits For 


MSFC-STD-509 
October 1972 


Lubricant Selection 


3.3. 2. 4 


Federal Standards 

FED-STD-209B 
24 April 1973 


Clean Room and Work Station 
Rsq, Controlled Environment 


3.3.10 


1 


CEI Para , 


My.itary Stand ards and Specification s 


MIL-STD-143B 
12 November 1969 


MIL-C-17E 
12 July 1974 


Standards and Specifications, 
Order of Precedence for the 
Selection of 

Cables, SF, Coaxial, Dual 
Coaxial, Twin Conductors and 
Twin Lead 


3.3.1 

3.3.5. 1 


MIL-STD-1472B 
31 December 1974 


MIL-STD-130D 
1 August 1973 

MIL-STD-810(C) 
■•0 March 1975 

MIL-STD-470 
21 March 1966 


Human Engineering Design 
Criteria for Military Systems, 
Equipment and Facilities 

Identification Marking of U, S, 
Military Property 


Environmental Test Methods 


Maintainability Program Re- 
quirements 


3.3.15 


3.3.13.2 

3.3.13.4 

3. 2. 7. 2.2 
3.3.8 

3.2.4 


MIL-STD-889A 
5 May 1972 


Dissimilar Metals 


3.3. 9.1 


MIL-B-5087B(2) 
31 August 1970 


MIL-S-7742B 
15 March 1973 


MIL-S-8879A(1) 
Notice 1 
15 March 1973 


Bonding, Electrical and Light- 
ning Protection, for Aerospace 
Systems 


3.3. 5. 6 
3. 3. .‘>.7. 3 


Screw Threads, Standard, Opti- 
mum Selected Series, General 
Specification For 


3. 3.6. 2. 2 


Screw Threads, Controlled Radius 
Root With Increased Minor 
Diameter, General Specification 


3.3. 6. 2. 2 


MIL-STD-461A 
Amendment 
4 June 1973 


Notice 1, 2, 3 Electromagnetic 
Interference Characteristics. 
Req. for 


3.3.5. 7.1 


MIL-STD-462(2) 
1 May 1970 


Notice 1, 2 - Electromagnetic 
Interference Characteristics, 
Measurement of 


3. 3.5. 7.1 
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Military, Standards and Specifications 


MIL-SlD-189 
Notice 2 
14 March 1961 


Racks, Electrical Equipment, 
19-Inch and Associated Panels 


MIL-R-94D 

M1L-STD-12C(2) 

1 February 1971 


Potentiometer Requirements 

Abbreviations for Use on 
Drawings, Specifications, 
Standards, and in Technical 
Documents 


3. 2.1.5 


2.3 Drawings 


MSFC Drawings 
MSFC-DWG-40M5 1264 (A) 


MSFC-DWG-10M90221 


Outgassing, Thermal Vacuum, 
Spec, for 

Materials Management Plan for 
Contamination Control 


MSFC-DWG-40M39582 Harnesses, Electrical Design 


MSFC-DWG-S 0M02442 


atm Material Control for Con- 
tamination due to Outgassing 


Shuttle P rogram Publicationa 

^tional Aeronautics a nd Space Administration 


JSC-07700, Vol. XIV, 
Revision D 
Change No. 17 
27 July 1976 

JSC-07700, Vol. Ill 
Change No. 16 
27 July 1976 


Space Shuttle System, Payload 
•Accommodations, Program Defi- 
nition and Requirements 


1-014- Payload Interface Verifica- 

Chance Kn 1 General Approach 

Change No. 1 and Requirements 

1 June 1976 


CEIPara. 


3.3.2. 3.1 


3. 3.5.1 
3.3.2. 3.2 


CEI Para . 

3.2. 4.1 
3.2.6 

3. 2. 7.1.1 

3.2.7.1.2 


Program Planning and Analysis 3.1.2 


3.2.4.1 
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Contractor Specifications (RI) 


CEI Para 


MJ070-0001-1B 
15 January 1976 

Orbiter Vehicle End Item Speci- 
fication for The Space Shuttle 
System part I; Performance and 
Design Requirements 

3.2. 7.1 

MC452-0049 

Procurement Specification for 

3. 2.1. 8 


Rotary Switch 

3.2. 1.5 

MC456-0053 

Procurement Specification for 

3. 2. 1.2 
3.2. 1, 6 


Event Timer 


MC452-0102 

Procurement Specification for 

3. 2. 1.9 


Hermetically Sealed Toggle 

3. 2, 1.6 


Switch 

3.2. 1.5 

MC432-0222 

Procurement Specification for 

3.2.1. 1 


Event Indicator 

3.2. 1.1 


Contractor Drawings fRl) 

ME452-0102-X105 

ME452-0102-X106 

ME452»0Q93“1013 

ME452-0102-X251 

ME444-0059-1001 

Contractor Specifications 

Bendix Corporation Manual Pointing Controller 
Spec. 1941022 


3.2. 1.6. 3. 2. 1.1 

3.2. 1.8. 3. 2. 1.1 

3.2.1.5.3.2.1.2 
3. 2.1.4 

3. 2. 1.9. 3. 2.1.3 
3.2. 1.5 


3. 2.1. 8 


2*5 Other Publications 

KHB-5300.4 (lD-1) 
August 1974 


NHB 5300.4 (3A) 
May 1968 


Safe^, Reliability, Maintain- 3.2.3 
ability and Quality Provisions 3.2.6 
for the Space Shuttle Program 

Requirements for Soldered 3, 3,2.5 
Electrical Connections 
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other Publications 

DOD Handbook H4'-l 
Latest Revision 

MA-06, Vol. Ill 
Part I 

12 November 1976 

HHB 1700.1 (VI) 
July 1969 

JSC-07636 
September 1973 

NPC-200-4 
August 1964 

BHB 8060. lA 
Nove^nber 1971 


SE-004-002-2H 


Federal Supply Code of Manu' 
facturers Name to Code 

Work Breakdown Structure 


NASA Safety Manual 


Space Shuttle Lightning 
Protection Criteria Document 

NASA Quality Publication 


Flammability, Odor, and Off- 
gassing Req, and Test Procedures 
for Materials in Environment 
that Support Combustion 

Guidelines for Identifying 3 

F'-ammability Hazards in Air 


3.3.13.1 
3. 1.5.2 

1 . 2.6 

1.2. 7. 2.1 
1.3. 2. 5 

.3.2.2 

.3.2.2 
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ON-ORBIT 

STATION 




PAYLOAD DEDICATED PANEL AREA 



AFO CORE C&D 



PAYLOAD UTILIZED 


Figure 1.0-1 Orbiter Aft Flight Deck - C&D Utilization 




3.0 REQUIREMENTS 

3«i CEI Definition 

3.1.1 General Descriptinn 


nine =apaSte"“iSaaeL”of As 1 °* 

subpanels designated for use at pavload sta*-* cribed in Table 3,1-1, The 
con^rtse that Ltite pauefanf shJu thf^ a^ *5) »H1 

total overall panel surface dimensions of 10 . together, conform Co the 

Figure 3.1.1-1 shows a tVpLarS ?Lf a a tnohes wide w 21 inches high. 

sistent with the requirements s^Sfied hlrlll layouts, con- 
siderations, may also be utin^iafi >pi, and with human factors con- 

will be located within and form partrof'Sls°Lll“aTA 7 °-°' 

deck CAFD), and shall utilise minimum panirsurface aS. 

quirements detailed in this specification! " consistent with re- 

3.1.2 Missions 


the 1980sf \^^Luttirp!ogrSS^ich-du^ applicable to STS mission during 

ware, ground system requSSSs aSlos^s Su bTL'T'"!^ 
gram mission, model described in jsc~ 077 nn w«V Shuttle Pro- 

I®ISE will be for the first on2a«o;«? S?l first use of the 

ability, the Spacelab 2 mission Pariw utilizing the AFD core c&D cap- 

the MMSE contained on subpanels ' liLaI LufirLm 

L11-A5 and A7-A2. Later missions wh 4 oh « ^ ^ (tnanual operation only), 

payload operation will reouir® th® ^ore complex and involve multiple- 

-A4, -A5 LgetiS with Sfclpabnuf ^i2-A2, -A3, 
the event timers on L11-A3 and -A4. ^ oftware activation and control of 

2*1*3 Operational Conep.pi-di 

operational fractions^f?Jm'^the St flisht^de^T control of payload 

MMSE is intended to increLf user ofnS- vehicle. The 

cated switches and indicators appliLbirtrLfc!? providing dedi- 
MMSE described herein will be used <21 /.« • ®Pf‘^rfic mission requirements. The 

CEI Specification) and! wItMn S “""S 

ware (see Flight Lftwlre Si) described herein, with flight soft- 
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able 3.1-1 Description of MUSE Set 


Subpanel Designation 


\ Component Desc ription 

0 2-position momentary toggle switch 
« 3-position event indicator 
® 3-position toggle switch 

e 12-position rotary switch 
o 5-character programmable digital display 
2-posxtion momentary toggle switch 
e 15-character programmable alphanumeric 
aisplay 

* programmable alphanumeric 
display 

* 2-position locked toggle switch 
® 3— position event indicator 

e 12-position rotary switch i 

* Horizontal analog meters 

e Potentiometer, single turn, friction 
® 12--poslta_on rotairy switch j 

! ® 2-position momentary toggle switch 

* o-position event indicator I 


9 event timer 

9 10- character programmable alphanumeric 
display 

* 2-position momentary toggle switch 

I ^ ^ 

Same as L11-A3 



I 


9 manual pointing controller 
® 12-position rotarv switch 
® 2-position momentary toggle switch 
9 3-position toggle switch 


I 


Same as L11-A3 


9 2-position locked toggle switch 





Figure 3. 1,1-1 Typical MMSE Layout for Panel L12 
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3.1.4 


Organlzaclonal and Mat»iiaeB.>r»^ R^ l atimi^hip 


Aft Flight De^rMrrcontro”rMd“l»p^^^ "Anageront center for the 

equlpoent »lu be located In the OrhUer “L T“"; ““ 

required to ensure Interface control Aocu^SiauinXtlhil^^J.’'"^ 


3.1.5 
3. 1.5.1 


Systems Engineering ReQulrelllPn^.l 
Systems Engineeri n g and Integration 


analyses and studlfs necessa^^to”dSne^re include performance of the 
neck Payload Core C&D. InterSce^ ground 

port test equipment (STE), and nrodurrrL equipment (GSE) and sup- 

gratlon. operations requi^mentraXes o'lra'^d 0 ?^““ 
systems test requirements are all a oart requirements, and 

C«D engineering and Integration (SE&I) task Alsf^ 

walyses and definition, PSS specification rio/J included are Interface 
The objective of the SE&I analS Is to Lsurf """ «»anagement. 

design that provides a core canabllli-v integrated AFD core C&D 

anticipated payload., for the Shuttle OrblLr'’®’'f u® controlling the many 
to the Shuttle Progra.^. cornpatme ^Ith Jh! ’ nu. 

limitation Informatlor ^nTXcu“aX^^dX^XX “■* 


3. 1.5. 2 Worj^r eiKdown Structure fvms) 


Volume mf P^rt^I.’' ^ accordant with MA-06, reference 

gSvern ment Furnished Prnp g>r.^y td..> 

Not applicable. 


3.1.7 Critical Componanrc 

^inee rlng Critical Con.p nng.»^o r...^ 
Not applicable. 


ii2Sist lcs Critical Comp nno»f, 


be used to prepare the**Crltlcal^UeL^Lisr(CILf*^ performed and will 

-u- =„t^J:m- -- -tluiLT 

-r retention shall be --ineTfoT^^^^^^^^ 
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3. 2 Characteristics 


3.2.1 Performance 


Subpanel L12-A1 mSTC 

Subpanel L12— A1 shall contain a row of 14 toeele switebos 

^®.®o™entary two-position switches and shall conform to the 

0102^ SSion^^^f and 3%^^^ Shuttle Program procurement specification MC452- 
cb.li t and 3.3, control drawing number ME452-0102-X105. One switch 

4 three position switch conforming to the above specification under con- 
lU iIE452-0102-a06. Ten event indicators shall also bH^vSed 

on this subpanel for use in conjunction with ten of the toggle switches and 

seSioS with the requirements specified in MC432-0222, 

sections 3.1, 3.2 and 3.3, part number MG432-0222-0024. 

3*2. 1.2 Subpanel L12-A2 ^IMSK 


with each ?ota?^^Si/b contain two 12-position rotary switches; associated 

^ ^ ® 5-character digital display, a 2-position momentary 

toggle switch, and two programmable alphanumeric displays. The rotary switches 
The^LnlJ^^b? the requirements specified in MC452-0049, sections S^2 and 3.3. 

^e applicable specification control drawing number is ME452-0093-1013. Two 
5-character programmable digital displays shall be provided and shall conSm to 

togeirsStS'^Sairb'^ contractor. One 2-positlon momentary 

shfll to drive each digital display. These switches 

Shall conform to the requirements specified in MC452-0102i. sections 3 2 and 3 3 

diSSf sSli b ^ 15-character alphanLeric 

and located above each rotary switch. These legends shall be provided 

and shall conform to the requirements specified by the Phase C/D contractor! 

3.2. 1.3 Subpanel L12-A3 MMSTC 

Subpanel L12— A3 shall contain 18 locked two— position toggle switches con- 

xSr®m52-0lSrS^5r®“s! MC452-0102. sections 3.2 and 3.3, drawing 

a^oLi?^^^ 3-position event indicators shall also be provided, 

and shall conform to the requirements specified in MC432-0222, sections 3,2 and 
3.3, part number MG432-0222-0024. ana 

3*2. 1,4 Subpanel L12-A4 MMRTC 

Subpanel L12-M shall contain a rotary switch and three analog panel meters. 
The rotary switch shall be a 12-position switch and shall conform to the reauire- 

sections 3.2 and 3.3, drawing number ME452-0093-1013. 
/cc^TTT^® designed to be equivalent to Weston Instrinnents, Inc., 

fipd^v^^bl Ph^^ modified as necessary to conform to the requirements speci- 

tied by the Phase C/D contractor. 
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3. 2.1.5 Subpanel L12--A5 MMRTC 


stri.tches and three ^ ^ ® 2-position momentary toggle 

panel shall bf S4 ^ Also, co.^tained on this fub~ 

conform to the requirements sneoif-rc^^'°”M^/co’r.r.F^® rotary switches shall 
ing number ME452-0093--1013 The tn&eri^^ -t- sections 3.2 and 3.3, draw- 

specified ic «C452-01o““;ctSL 11 re,clremenCe 

X105. The event indicators ^hall confn^S dratmig number ME452-0102- 

0222, eectloce 3.2 aarlll pIS nS^1r1cl2lmIol2l"’1h1 ^ 

conform to the requirements snecifierf ,-r. p o/^ potentiometers shall 

0059-1001. pecxfxed xn MIL-R-94D, control drawing number ME444- 

3.2.1. 6 Subpanel L11-A3 MMHB 


alphanumeric^display^ and^thrL'^2-po^tion^Iom*^ ^ 10-character programmable 

timer control, ttelvent tSj staJrSSorio S If-® 
procurement specification MC 456 -nn';^ h o requxrements specified in 

play shall be prbvSS and alphanumeric dis- 

Phase C/D contractor ?he SSL 

fied in MC452-0102, sections sh^l conform to the requirements speci- 

uz, sectxons 3.2 and 3.3, control drawing number ME452-0102-X105o 

^•2.1.7 Subpanel L11-A4 

U1-A3 (pcr:g^cSll11)f°'^ f>r eubpancl 

3.2.1. 8 Subpanel Lll-AS mmrr 


pointing ® 12-ponitlon rotary snitch, a manual 

toggle snitch. Iha’rolLj aScf shSTSr^°f one S-position 

MC452-0049, sections 5 9 ir,A ‘i “^orm to the requirements specified in 

maaual potatSrc™troiLrii?’cf ME452-0093-1013. Ihc 
Corporation Specification 1941022, p2rnmb“®19S8l“‘lh®T“f 

slldrSS i» MC452-0la2lSt1Sl.2 and 

Subpanel A7-A2 WMSn 


Subpanel A7-A2 shall contain a 
switches conforming to the requirements 
Jo 3, drawing number ME452-0102-X251. 


row of twelve 2-position locked toggle 
specified in MC452-0102, sections 3.2 and 


3*2.2 Physical 


paraeraphlll?'’^^ Phyolcal reqnlraments for the 


MMSE set are contained in 
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3.2.3 Reliability 


Reliability provisions shall be in accordance td.th NHB 3300.4 (ID-1). 
Critical Single Failure Points 

As a design goal, the MMSE shall have no single failurf» 
failure Deterrent and Dp.tprr-tnn 


The design shall incorporate the following: 




loosening lastenere shall he positively looked to prevent 

not override&La1Js\rp“Lft^:X^^ 

aeetronihsS“ rSys°SdtSer^^^^ 


elude bacUrf iSSlauL°hvCS?v° “ designed to pre- 

oonneetlng sILTo^XSa^L configuration, different 

3«2.3*3 Reliability Goals 

The reliability goal of the MMSE operation shall be TBD. 

cosmand”%SS5'objLt1vL”sh^1.flBrSy"o^^^^ 


3*2.4 Maintainabilify 


- sss: "r;.3C2:“ S-" s jn-su-ri.. 
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Vide for ooo of dtLSd'SoJraSIto^o^^l^ooO^^ 

Installation/Removal/ Replacemenf! QDPTa^^;»r,., 

icated controls sod displays Paoell'r^onSLrSnTloSls^Si^Lh^^^ 
and JSC OnoorVoiri-Ol^Pinif^"*® “ apacifind by JSC 07700, Vol. XIV 

Into8ratSn,^Md^os“^ renoval, replacemari., alifrvBsnt, 

3, 2.4.2 Scheduled Servicing 

forcrlt^^^lSSfSsSIrVSorSss'ttoSfy^^rr^^ 

3*2.5 Operational Avalla•bn^•f•y 

orm tbroogh the change control system established, 
hevies OTE)"Sr' flS bTSrc%S“to1hrst“^^ 

ah^u\e^ncorpStef Stf SrPa^fl''^^^ f = “? approref ‘ 

such in accordance „ith Se S&S"of Se" “ 
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3.2.6 Safety 


Requirements for the I'jMSE necpR« 5 arv i-n u 

and equipment shall be as specified In preclude hazards to personnel 

Volume XIV, or contained hSSf laSrd ySt^^^^^ 

ies, and hazard reduction orecedenop ohaii -h classification eategor- 

Sh^tti-’ Maintainability and Quality Sovislons^fof^the^S^*^ 

Shuttle Program, and KHB 1700.1, NASA Safety Manual. ^ 

3*2«6»1 Crash Safety 

danger t2%^\ra“LSroranr^\“*a-''° m cove CSD shell not en- 
JSC-0770C, Volume XIV. ^ ^ landing conditions specified in the 

3.2.7 Environmpni- 

3.2.7. 1 Natural 

3.2. 7. 1.1 Transportation and Storage 
^o2a7*l,2 Handling 

unSckSS“’' Z jic!S^7M/?Sme1lTwta°Sled 

3e2»7«2 Induced 

3.2. 7.2.1 Flight Operational 

meats specified herein dur^a^and operating performance require- 

of the followli = 0 .hleatloe 


ippO performance requirements) 
lus 120 F (full performance requirements) 

12.36 psia, continuous; 8 psia for 2 hours 
18.0 psia 

8 percent relative 
100 percent relative 


a. 

Temperature: 

Minimum: 



Maxitium: 

b. 

Pressure: 

Minimum: 

Maximum: 

c* 

Humidity: 

Minimtaa: 

MaxiEjia: 


15 


d. Salt Fogi 

e. Lightning: 


Exposure to 1-percent salt solution by weight 

In accordance with JSC-07636 for indirect effects 
f. Random Vibration: 


1) Qualification - Acceptance Vibration Test (AVT) 

Acceleration Spectral Density 

20 to 80 Hz Increasing, at plus 3 dB/octave, to 0.067 g^/Hz 
at 80 Hz 

80 to 3S0 Hz Constant at 0.067 g^/Hz 

350 to 2000 Hz Decreasing, at 3 dB/octave, from 0.067 g^/Hz 
at 350 Hz to 2000 Hz 

Duration: Five times AVT per axis 

2) Flight 


Acceleration Spectral Density 

20 to ISO Hz Increasing at plus 6 dB/octave to 0.09 g^/Hs 
at 150 Hz . y s 

13>: to 900 Hz Constant at 0.09 g^/Hz 

900 to 2000 Hz Decreasing, at minus 9 dB/octave, from 0.09 
g /Hz at 900 Hz 


Duration: 

g. Acceleration: 

h. Shock 


48 minutes per axis 

Plus and minus 5 g‘s in- all major axes 


1) Landing: Rectangular pulses of the following peak accelera- 
tions, time durations, and number of applications 
in the vertical (up) direction during landing: 


Acceleration 
<8 peak) 

Duration 
. _ (ms) 

Application 

25 

0.23 

170 

0.28 

280 

37 

0.35 

330 

32 

0.43 

360 

20 
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Acceleration 
_ (r peak) 

0.56 

0.72 

1.50 


Duration 
-- (ms) 

350 

320 

260 


Application 


9 

4 

1 


2) Transient: 5 to 35 Hz; plus and minus 0.25 g peak. 

(Transient shock may be simulated by vibration 
o™p from 5 to 35 Hz at one ocLve per 

3. 2. 7. 2. 2 Nonoperatinnai 


a. Temperature. 

Minimum: 

Minus 65°F 


Maximum: 

Plus 120®F with rxtreraes of 150°F for 
hours per day 

b. Pressure: 

Minimum: 

3.28 psia 

c. Shock: 

Maximum: 

18.0 psia 


1) Bench Handling: As specified in MlL-STD-810, Method 516.1 

Procedure V. * 


2) Basic Design: 

3) Crash Safety: 


d# Ozones 


20-g terminal sawtooth shock pulse of 11-ms 

o^hosoal axes ftotl 

40-g terminal sawtooth shock pulse of ll-ms 
of three orthognal axes 

attachments shall not break loose, create a ^ 
hazard to personnel, or prevent egress from 
vehicle. Operating performance is 
not requxred after this test. 

3 to 6 parts per hundred million (phm). Tota’ oxi- 
dant concentrations may reach 60 pL for 1 to' 3 
hours in any 24-hour period. 


e. Fungus: As specified in .MIL-STD-810, 
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3*2*8 Transportafallltv/Transportatinn 


lisisirs— 


3.2*9 Storage 


" s—SSJs S=:j^'= s5'.™ ■“ 

3.2*10 OperahU-ff-Ti' 

3.2,10.1 Operating Life 

for a mS ™f STO^ycl2’’£j\M§rh°S^® “P“«iona specified herein 
3. 2*10. 2 Useful Life 


which is eqnSeSlo "=‘"’ ‘=’"='“ “•“»<> 

ery. The everagr^Stal m?esi2 w«?2^^ “ a 10-yeer period from date of delir 

preclude the capability to extend the orbi^reta^toe 
3.2.10.3 Shelf Life 


The MUSE shall 
ments specified herein 


be capable of operating 
for a time period of 10 


in accordance with the require— 
years from date of delivery. 
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3.3 Design and Construction Standards 

Selection of Spe cifications and Standards 

nf I, and standards necessary for the design and develonment 

H addition to those specified in this docmaenf shall bl sSSed 
in the following order of preference except as others, ise specified: 

a) KASA specifications and standards. 

b) Federal specifications and standards. 

c) Military specifications and standards (MIL, JAN, or MS) . 

d) Other Governmental specifications and standards. 

e) Specification and standards released by nationally recoenlzed 

associations, committees, and technical societies. recognized 

f) Supplier specifications and standards. 

Specifications and standards shall be selected using MIL-STD-143 as a guide. 
3.3.2 General 

3. 3. 2.1 Materi als, Parts and Processes 

« 5 nfi J'laterials, Parts, and Processes shall be in accordance with MSFC-STD- 

vLiflStioTp^^^ selectlL 2d 

verxrication plan defining a proposed method for coordinatinv and 

2sS^“co2ep?s S^finafiS drawings for flight hardware befoL • 

1 , are finalized. Approval of engineering drawings and all 

for S t, ^ include sign-off by the materials and eniineering discipline 
for each materials application utilized. aiscxpiine 

3»3«2«2 Flamniabllity Requirements 

installe?SprS*n design of the MMSE or contained in equipment 

3.3«2«3 OutRasslng of Materials 
3*3. 2. 3.1 Internal Materials 

““ re,ulr..ent= of 
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3«3»2*3«2 ExtsrnaX Materials 


mat '.rials on the exterior surfaces of the MMSE in 
line of-aight with optically critical surfaces shall conform to the material 

^ HSFC-.DWG-50M02442. Materials not conforming to this SSS- 

ment shall be submitted to MSFC for approval. 


3. 3. 2. 4 Lubrication 


shall living parts exposed to the vacuum of space 

snail be selected in accordance with MSFC~SH3-509, 

3.3. 2. 5 Soldering 

HITR electrical connections in the MMSE shall comply with 

lA requirements of RA064-Sl- 

M, Sections 4 through 15 for inspection purposes, exceot that raferpnfisQ fn 

NASA Quality Publication HPC200-4; MSC Supplement to NPC200-4 MSC-ASPO S ^A* 
end MSC-AOTO-MC. MSO-ASPO Soldering SpeSflcetion eS L Lutef en^ * 
replaced by NHB 5300, 4 (3A). Any requirement of RA064-001-1A that is incon- 
sistent with the provisions of NHB 5300.4(3A) is superseded by NHB 5300.4(3A). 

3»3»2«6 Restriction of Pse of Mercury 

Mercury in liquid or vapor form shall not be used in the MMSE. tfliere 

”e^ f "“"Sn nr Jta^a^nnfr 

orevent •f^c t- i bhe use of mercury, the protection provided to 

prevent its release, and a plan for decontamination in the event of its re- 
lease shall be submitted to HASA/MSFC for approval. 

3*3.’3 Aeronautical 

Not applicable. 

3,3.4 Civil 


Not applicable. 

3.3.5 e lectrical 

3*3. 5.1 Electrical Wiring 

reouirpd^* atii^ ^ring installation shall consist of cable harnesses where 

or\oTii*r.i bundles, harnesses and cables external to the component 

°L7f conrorm to MSFC-DWG-40M39S82. Wire used in cable haLessL 

ohall conform to Specification MIL-C-17. narnesses 
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of Wire Insulation is required in the MMSE to provide 
satisfactory bonding to potting materials, the open end of the wire shall noF 

for^ thfwLf So : 

^ limnerse only the bent portion in the etchant, and hold the open endR 
above the etchant level. The unetohed end of the »ire shall not ^“ 00 ? 5f 
prior to nantralitation of the etchant. Electrical »lie or cable in^oLted 
S »r flnorinated ethylene propvlene ehfll 

seal ^Pottl^rshairh'^^”® "eehanlcal bond strength and environoental 

seal. Potting shall be accomplished within three weeks after etching. 

3. 3 . 5.2 Electrical Connector Keying 

u electrical plugs and receptacles used in the AFD core C&D panels 

shall be keyed or otherwise configured to prevent incorrect connection wlS 
other accessible plugs or receptacles. oonneccxon with 

l lectrical Connector Pin Ass i gnment and Pin or Socket Ri^Tpri-tn-n 

*.u circuits for the APD core C&D panel:? shall not be roneot? 

through adjacent pins of an electrical connector if a sho.-t circuit 
them would constitute a single point failure as defined in paragraph 

connections of the APD core C&D panels shall be designed so 
Fo connectors are properly used to prevent power from^hortine 

A Shall be designed to protect personnel both when con- 

con- 

?rotection of Elec trical, and Electronic Devices 

electronic devices used in the MMSE shall incorporate 
ing qualifiStlM^ reverse polarity or other Improper electrical inputs dur- 
Iht ^ acceptance, and other tests if such inputs could damage 

e aevices in a way that would not be immediately and unmistakably apparent. 

E lectrical and Electronic Piece- P arts. Closure Consfntrffnn 

structiof^Snli'^S piece-parts with all welded closure con- 

struct.ion shall be used in preference to piece-parts with other tvnes of 

«oS2 conntmctlon nay ha nasi IflSquL 

program controls are imposed to assure that internal contamination canrot 
causa part degradation nnd faUuro under aero gravity envlSnSn” 

3. 3. 5. 6 Electrical Grounding 

. £t. l^ry DC Power Grounding - The MMSE negative buses shall be ref- 

poS?1o'?he'^“ 1 r S pSS^reL™ 

cnreLf f ■icaiisned to carry the malmen fault 

® connected to the 
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11 Grounding - The primary DC power shall ho a e 

^11 component sttuotnre. The component cnee gronna ehnll bj pL 

3. 3. 5. 7 Electromagnetic Interferonro 

3. 3. 5. 7.1 Electromagnetic CompatlhiT-ttv (EMO 

The JQISE ahall be designed for electromagnetic self-compatibility 
and for electromagnetic compatibility (EMC) for all ohasos of i-L 
n^ for mo ^th the Orbite? AflD dnrLg on-oSL ope^SSoLf Se SSScel 
and electronic equipment shall not be a source of, nor be suscStibirtf 
electromagnetic interference as defined by MIL-STD-461A and 462. * 

3*3.5*7«2 Corona Suppression 

ee that 

normal operatiiig environwp-ihts ot,.,!-* ® impaired by corona discharge in 

edvereelj affe^leT^^StLrof^oSeVe^^^^^^ °* interference which 

3. 3. 5. 7. 3 Lightning Protection 

£ sSS 5= »• 

through low-impedance conductive mounting surfacps whp^ee ch f scructure 
thermal isolation prevent th-jp f-w . • j surtaces. Where shock mounts or 

used in accordance with thp h wide, flat, short bonding jumpers may be 

s.ea in accordance with the bonding specification MIL-B-5087. 

3.3.6 Mechanical 

3*3.6.! Design Safety Factnrc 

and a yiSd fafe^ SctS o?2?o! ultimate safety factor of 3.0 

3«3«6«2 Fasteners 

ooesih'.’^“IS?fKf“J““® “““fins “ “ingle component, wherever 

fScMre S thn.eame typ^ elte end tensile strength. U« of S 

IroS” "inimted. Threeded fasteners shell fe torqned per ffijo- 

3. 3. 6. 2.1 Accessibility of Fasteners 

pccppo subassembly installations shall be designed such that 

eecess to threaded fasteners may be aecomplished with the nsTS S^eSiLl 
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3»3.6«2«2 Screw Threads 


Screw threads for threaded fasteners used on Shuttle system hardware 

160 KSI :;y 
preferred. 


b. Material strength levels of 160 KSI and above shall be threaded 
per MIL-S-8879. External threads shall be rolled after heat treatoeS? 
Screw threads used on airborne fluid systems fittings shall be of unified 
thread form. Class 2, in accordance with MIL-S”7742 or MIL-S-8879. 

3.3.7 Nuclear 


Not applicable. 

Moist ure, Humidity, and Fungus Resistance 

4 . ^ Except as otherwise required by detail design considerations, only 
materials which resist the corrosive action of salt air and damage from 
moisture/humidity and fungus shall be used which conforms to MIL-SID-SIO. 

3*3.9 Corrosion of Metal Parts 


1 ..rf Metal parts shall be protected from corrosion by stress-relieving, 
plating, anodizing, chemical coatings, organic finishes, or combination there- 
of, provided that such protection is compatible with the operating and space 
environmental requirements. ^ ^ 

3. 3. 9.1 Dissimilar Mefralc 

Dissimilar metals, as defined in MIL-STD-889, shall not be used in 
combination unless they are suitably coated to prevent electrolytic corrosion. 

3.3«9.2 Finish 


“ae MHSE finish shall be in accordance with MSFC-SPEC-250, except for 
special thermal finishes. 

3«3»10 Contajainatiou Control 

The MMSE cleanliness requirement is lOOK clean class per FED-STD-209. 
3.3*11 Coordinatp Syaftam 


Not applicable. 



i-^teroha-BeaMUtv and 


3.3.Z3 identificati on and Marki-n p r 
3,3.13.1 Identification of Pa-nt-o 

specification^or part aumhlt 2S be ^ nuaber. The same 

processes, and parts. sSL lml 3 Lcf identify all like materiSs 

TlZtV s«Persid!rp£t\oriSr" 

to interface, reliability, safltv ^ iiiterchangeable with resnect 

For tracaable Iteoa, the oa« l2n4?? “aceabUity or parfornaS 

aanofacturer's identification nnj additionally Include tbo 

and be lot ncberad or aerial nut.beSd^4°«°rS^:iSd“ “‘® 

Supplier Part Wiimbn^ 

part "> “o ™SE procurement 

fff AU Pevmopment/OunHftn„. Q„ 

to teatlnr^S1hr™rS"iMG? identified prior 

tron required by the draulng/apecSic^L i” “““i™ “ the identlfica- 

tlon location shall be clearly v1s±m£^« ^ lettering size and identifica- 
used for the identificatjon «b=n 5°^® casual observation. Material e 
its operating enulronmeM? SS^the teat apeS L 

ment la such the IdentlflMtSfo™ " “nfiguratlon of tta teS Inlf 
"laana such as attached metal tags ah^ll^brSer ‘’‘ktt suitable 

3.3.13.4 Namenlateg 

S“ SS’sS ES;‘SS Si 

-»n^-SS;c'J;‘=hS'irSS;«“' 

3*3.13.5 Identific ation of iJi-q*^-„^ 

Identification o, miring shall not degrade Insulation or shielding. 
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3.3*13*6 Electri cal and Electronic Reference 

Electrical and electronic reference designations shall be affixed to 
the hardware in accordance with the USAS Y32.16»1968 (for external electrical 
connectors). 

3.3.13.7 Electrical and Electronic Symbols 

If schematic information is affixed to the MMSE, tlie electrical and 
electronic symbols shall be in accordance with the requirements of USAS Y32.2~ 
1967* *** 


3*3.13«8 Reidentxficatlon 


The part number of the MMSE, its components, and parts shall be changed 
whenever redesign results in a change to dimensional form, fit tolerance, or 
functional characteristxcs from the previous configuration. 

3.3.14 Workmanship 


Workmanship on the MMSE shall be in accordance with the best practice 

for hxgh quality equipment within the state of the art. 

3.3.15 Human Performance/Human Engineering 

The design shall consider the capabilities and limitations of the 
human operator wherever a man-machine interface exists, including torques, 
forces, and other functional design characteristics of controls, displays, 

principal design guide for the man-machine interface 
shall be MIL-STD-1472 and MSFC-STD-512. 

3.4 Logistics 

3.4*1 Maintenance 

a. The MMSE shall not require scheduled maintenance. 

^eMMSE shall not be designed to preclude the use of special tools 
and equipment for site maxntenance and repairs. Special tools, if required, 
and approved by the buyer, shall be designed to withstand the intended use 
throughout the life of the equipment. 

RepLcsabie « I'lne 

d. The MMSE shall be designed so that routine corrective maintenance 
can be ^jcoraplxshed by the replacement of Shop Replaceable Units (SRUs) . The 

Isolation to a single malfunctioning SRU* can 
or rh during beach maintenance utilizing the LRU interface connectors 

i30lSi^ pe«i..Ibl. to provido thlo 
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6 * 

other than 
hibited. 


The necessity for any maintenance servicing or checkout tasks 
u t-in test capability, to be accomplished during flight is pro 


3. 4. 1.1 Installation 


equipment design shall physically prevent the incorrect instal- 
lation of modules and submodules. Clearly visible color coding and labeling in 
close proximity to maintenance disconnect points shall be used to facilSS 
removal and replacement of any subassembly level of equipment. 

b. Components shall be mounted in a manner to avoid blind adjustments. 

nractlcal* 5 °"^ securing a single component, where 

practical, shall be the same type, size, and tensile strength. 

d. Captive fasteners shall be utilized to fasten LRUs. 

3. 4. 1.2 Accessibility 

connectors shall be accessible without disassembly or 
removal of functional equipment or components. 

points shall be clearly marked and shall be 
raor requiring removal of access plates or covers except service 

WtioS^'*^''^ ” controls shall be accessible and clearly marked fox major 

diameter%nf type!*'^''“® ^ 

3.4.1. 3 Replacement 

Mounting provisions shall permit SRU removal and replacement without 
orrS^sJ? equivalent level SRU in the line replaceable unit. If removal 
electriLl element xs required for access, such removal shall not affect 

uni^ S ^ mechanical alignment, nor shall the mechanical strength of the 
?SLl bending of the unit, its assemblies, elec- 

S Se unit!^^®^’ plumbing attachments will occur during normal bench handling 

Ahio fittings for components routinely removed shall be oper- 

able without hand tools and shall be accessible without requiring removal of 
access panels or covers. 


3.4.2 Supply 


The components 
core C&U design shall 


, subassembly and assembly panels which make up the AH) 
be recorded on delivery and tracked to assure that these 
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components, subassemblies 
-e e.ch .ckvi^ phaL 

Tti -P^ *1 T _• , - • 


items! 


‘•itts resign < 

The fcuoeiag InfoPa^tloa recerda shall .a ealatalaad far each of the 


a* Part numbers 
b. Name of parts 

C. Quantity required and available 
d. Required delivery sites 
e# Planned use sites 

availabJi^lHfclSrfnd'^S^^^^ information to assure 

1 «ay appear that a shortage could occur prlor“o the'nSf opeSSS?”‘° “ 
Ig£^lities a nd Facility Ranip n,.„d. 

Procured parts and mateirals win t>«u ... 

aalatiug factlitles. These stored In 

deS,:^:* tested parror\LXt^"Lf to°’' 

meats. facilities will be required for the logistic require- 

^••5 Personnel and Tra-fn-tt^c 

ass^ance!“^'1esrpS“JcS”2“»aer?o^^^^ "■anufecturiug. product 

Apollo, Skylab, etc. will be utilized for the programs as Gemini, 

ffieat phase. ® utilized for the PS contractor’s design/develop- 

to the SnS ^PPUed 

needed for personnel training, traxntag 

the adequacy of tte SolpSS repreaentatlva mil verify 
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3-6 Interface Requirements 

Jatierprogram Interfaces 

nation 

controlled by ICDs to b^supnlifd bv the^Ph Spacelab, lUS) will be 

Bachanlcal, electrical and software taterfac^drfljtlor'”' 

^•^•2 Intraproeram Interfap^g 

sore CdD OKW “ 

the specific interface retirements ap-p£icile “ii^SSl^^^Sct'!*^^^ 



Intraprolect Interfan^g 

- .™i;-;;sa.s-sss,"^ =si:.s.‘ss.»i,r£"“ 

Subpanel L12-A1 Fu nctional Interfaces 

such that^'^^MLy'srttS”Sosurc^rtinlt”t“^“ji"^'* ““““"I dlactronics 
maintained 

3*6*' *2 .Subpanel L12-A2 Functional Interfanpg 

(see core C&D^light SoftSri Sl)^LS^thS^SrsJlSL° software control 

tion on the rotary switch will cause a ufoT,f« selection of a particular posl- 
soclated 10 and lithiractS Uphtl^nC IlS^ “ ““ “>= “- 

tion to appear on the VcharactL SeSl^ ^ ^ Vr'> 9 <^r i±git^ Informa- 

supply t*e proper Inputs to the ludilldual displays electronics will 

With each digital display will be util±*^pd ac a ^ Z toggle switch associated 
In queetion, that is. the SS bus iS5acr„?,rS?°^ Peremeter 

changed via the toggle switch The mmrm, a the digital display to be 

Cvia interfacing e!S^SS-„lS\rSLSS"i 

maintained. maxntained as long as the switch position is 
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^•^•3.3 Subpanel L12-A3 Functional Interfaces 

%e MMSE at subpanel L12-A3 will have direct hardwire interfaces Each 

^ positions. The 

recexve dxscrete commands via the hardwire interface. 

Subpanel L12-A4 Functional Interfaces 

software control 

h that selectxon of a specific position on the rotary switch determines 
the parameters to be displayed on the three analog meters. Interfacine 
electronics wxll supply the proper analog inputs to the meters. 

3. 6.3*5 Subpane l L12-A5 Functional Interfaces 

subpanel L12-A5 incorporate a direct hardwire inter- 

J,', Par^tars to be controlled by the toggle switches are deter- 
„ y the specif xc position on the associated rotary switch (via core C&D 
aofware). Control electronics will be provided such ^LSaL ^It^ 
P«aiPitabes a discrete condition which Is maintained unti?^ the op- 

1^ h°“Plated. The event indicator associated rtth Lch 
gg-v switch recexves discrete signals under core C&D software control. 

3*6*3.6 Subpane l L11-A3 Functional Interfaces 

<s„rh^K at subpanel L11-A3 will interface with core C&D software control 
ma ^ 10-character alphanumeric legend will display characters com- 

software as decoded by interfacing electronics. The toggle switches 
the event tuner via interfacing control electronics; sStcb positior 

^.'iS Iht^rfacing elac- 

cLpT^rsilSre ci«rS! 

3*6*3.7 Subpane l L11-A4 Functional Interfaces 

thosr?:“:Sp»“ii*" "" 

3'6o 3.8 Subpana l L11-A5 Functional Interfaces 

such'^Lf^i’? subpanel L11-A5 will interface with core C&D software control 
such that t.te manual poxntxng controller (MFC) and the associated toggle 
switches xnterface wxth the applicable pointing system via the proper position 

"°Sele switches interfaces w4 Lntrol eiec- 
tronics such that momentary switch closure precipitates a discrete condition 
hxch xs maxntained until the opposite switch command is completed. The second 
switch produces a command signal via the interface elec;ronVc8 S 
long as the swxtch position is maintained. The third toggle switch produces a 
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continuous command signal in each of its three-positions. The MPC position 
produces command signals to interfacing electronics for software interpreta- 
tion* 


3«6*3*9 Subpanel A7-A2 3?tmctional Interfaces 

The MMSE at subpanel A7-A2 will incorporate a direct hardwire interface. 
Each toggle switch shall he lockable in either of two positions. 
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4.0 


VERIFICATION 


conforms^tJ tS^design°”coSSuctlo 1° verify that the MMSE hardware 

In Section 3 herein Leh r«n -f performance requirements as specified 

by test or asstst;t ^ 


4.1 


General 


for accomplishing verificatio^verlf^^ tbe organizational responsibility 

Responsibi lity for Verification 

Organizational responsibilities for no->-FnT.m4.,.. .. j 
cation during the various verlf-f..^Mn«^,t, perforaing and supporting verifi- 

defined herein. RMpo^LlllMefS /«°®! ^““Sreph 4.2 shell he as 
ehell he the Gove^^f dnd supportive. It 

verifioatiou acc^SJed. * dll 


Verification 

Phase 

!• Development 

2. Qualification 

3. Acceptance 

*Legend 

MSFC NASA-MSFC 


*Organizatlonal 

Primary 


Responsibility for Verification. 
Supportive or Witn^gg 


P5 Contractor MSFC 
P3 Contractor MSFC 
PS Contractor MSFC 


Verification Method 

phase as applicable? o^aSssment by°S?iaSty'^”aSf y®*^ificatlon 
stration. and validation or records." Thes'e e«Ls“lJrd1hn^^rpa”agr^X 


^•^'2.1 ^sign Marg in Verification SelP,cf•^o» 

of satet^"Su"hT2S:'“ .actors 

Yield Factor of Safety - 2.0 

Ultimate Factor of Safety - 3.0 
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4*1*3 Flight Hardware Failures 

Failures of MMSE hardware occurring during qualif 
a„d integrated eyaten tenting ehell reqnlrl a confleS «Se1rof laO 
ere and corrective action docvented by a non-conformance r^rt Sfpf 
contractor shall secure agreement from the desienated MA^a -rL * The PS 

to eetabllsh the adequacy or corremve “SM^nd'rSSS^SSLy^fJ^”™'’ 
vlous testing. The PS contractor shall report Immediately to MSFC^anv ^ 
" conditlon'occur- 

A. 1.4 Tes t/Equioment Fa-t 1 nr-og 

1 a. for the MMSE shall include tests which demonstrate a 

quired following equipment replacement because of failure or other reasons. 

thP performed after failure or equipment replacement to 

the extent necessary to restore confidence in the eoulnLnt 

b^f pSrof Sf failure or Replacement and shall 

to tbR nL^^^ J documentation. Reverification may be deferred 

to the next scheduled functional test of the affected hardware. RevSifS- 
tion must be accomplished prior to launch for flight equipment. 

4*2 Phased Verification Requirements 

In the PaRSRaprrj^vSif? °m requirements shall be as specified 

verification Reference Index. Definitions of the 

verification phases follow in Paragraph 4.2.1 through 4.2.8. 

4*2*1 Development 

of Mmo verification is the process for verifying the feasibilitv 

of the design approach and to provide confidenca in the ability of the hard-^ 

contr^rol^RLdlrtrdS; 

appropriate direction shall he included in the 
applicable procurement drawings/specifications . 

4.2.2 Qualification 

Inhere villbmtv all components shall be qualified prior to launch, 

vnere visibility and control of vendor hardware is required, appropriate direc- 

on siai. e included in the applicable procurement drawings/specifications. 
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Test types, durations and levels shall be soeclfied n..=.i 4 c- 
accomplished by any one or more of the folloSngr shall be 

a. Test - Qualification Testing. 

b. Assessment ~ (1) Similarity; (2) Analvsis- 

atratlon; (5) Validation of Records. ’ 

Qualification testing methods are defined -Jti 
A ssessment methods definitions are presented in PaJagraph 


(3) Inspection; (4) Demon— 


4. 2. 2.1 Qualification Testing 


tional perfot«.„c./f„„c- 

test conditions normally more severe rhL hardware at environmental 

lish that the hardware ^11 perform satisfactorlirL*'Se ®stab- 

wlth sufficient margin. sacistactorily in the use environments 

4.2.3 Acceptance 

to launch. Where^iSSlitf ^SSer^°'' 

testing Shell he eppllcahle to conponeot thIoS 
4.2,3*1 C^ ^nent Acceptance Testing 

otur^e^ttirr"^ 

including envlronne^S^eS^SSf specifications 

^•2*3*2 Subsyste m/Sys terns Acceptance Tests 

nigh? snppwtSrwiVerrsS!"" 

4. 2. 3. 3 MMSE Acceptance Testing 

The MMSE shall be acceptance tested as an end item nr-f nr m 
^livery to the nent higher level of hardoare aseembly. TeSm i^lSes 
system to system interface checks, operation of individual *?syet^sr 
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tests. Test types, 

^•2«4 Integrated Sysi:ftTng 


MMSE performed after the mating of the 

of the Mission Contractor.^ The PS CoSra^r* responsibility 

Contractor. Contractor shall support the Mission 

^•2*5 Prelauneh Checkotii: 


Contractor, and the°PS *^Con^acSr^aSi?R responsibility of the Mission 

ra leon.ractor shall support the Mission Contractor. 

^•2*6 Launch 

/.on # 


^•2*7 F lightAMissicn Qaerar-tnt^c 


mis phase of testing xd,ll be the 
Contractor. 


responsibility of the Mission 


4.2.8 Post-Flip ;^n^ 


This phase of testing will 
Contractor. 


the responsibility of the Mission 


4.3 Ve^-f^lon Cro_ss-Reference 

reTer^cf J oPe-*or-o„e creee 

Verifxcation shall be by test or Loessmpnf^ t ^ requirement, 

described in Peregreph 4.2. deeeesjeet n^tiode'Se 

Assessment Method.^ 


tlon- (a) siailanty: ( 

«£ the f and (e) demonatraf ep 

cne methods as used herein follows: 


analysis; (c) inspec- 
A brief definition 
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it can be demonstrated bj SvSw of nrlL ^ ^ considered If 

ware (flight or usa^ e^lrlZl^ Idl tL I application of hard- 
in design and manufactuSne ^ similar or identical 

been quSifled tHq^'v^e^t'ermere previously 

Skylab, Apollo and/Sr cSS SrSe^ "»^i^°«^ental criteria (e.g., 

in addltL ifSting verification in lieu of, or 

The selected techniques may include'^^typiealie requirements, 

statistics, qualitative an^v^je ^ engineering analysis. 

Analysis may ba considered ehen It can be deteS'ned^tta^r’"'"' 

accurate analysis is possible. 

Test IS not cost-effective. 

3) Slmnarity is not applicable. 

4) Verification by inspection is not adequate. 

(e.g., dimensions, bonding, assembly methods, etc). ^ esign features 

Aten -y »e used at end- 

fliSbt hardnara and associltrsnp^n^S^efr”^^ 

ttanportjMllgfSg^Sd^arrS^Sac” (t-S- eetvlce access, 

be used in liS’of oTjfcSdLulfS^-f «t) may 

requirements. ” verify compliance with the 


4.3.2 


MSB Verifi cation Rfagnirement;« 


Table An 

SfpSSpbr '■=' ^^tSce ot 

are presents In tbe SS“ Se f” ?'"= verification phases 

Verification pLrpSa^aS nSer “““JAes the appllLble 

tion of each verificatiM tSSreS? “tects implamanta- 

^ ^ Test S upport Reg tii rements 

test eofSr\%TnsJ^rgcL'%\f!fb\“a^^^^^^^^^ --- 

and Eouipment 

age„cies"nd“:t““?to^1^\“ub^^^^^^ 
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TABLE 4-1 VERIFICATION CROSS-REFERENCE 
REQUIREMENTS FOR VERIFICATION 
NOMENCLATURE: MMSE 

CEI NO. 

VERIFICATION METHOD 

1. TEST 

2. ASSESSilENT 

a. SIMILARITY 

b. ANALYSIS 

c. INSPECTION 

d. DEMONSTRATION 

e. VALIDATION OF RECORDS 


i 

■ 

■ 

■ 

■ 

■ 

■ 

k 


N/A = NOT APPLICABLE 

PERFORMAITOE/DESIOJ 
REQUIREMENT REFERENCE 

3. 2. 1.1 Subpanel L12-A1 MMSE 

3. 2. 1.2 Sub panel L12-A2 MMSE 

3.2.1. 3 Su bpanel L12-A3 mmr r 

3. 2. 1.4 Subp anel L12-A4 MMSE 

3. 2. 1.5 Subpanel L12-A5 MMSE 

3.2. 1.6 Subpanel L11-A3 MMSE 

3.2.1. 7 Subpanel L11-A4 MMSE 

3. 2.1.8 Subpanel L11-A5 MMSE 

3. 2. 1.9 Subpanel A7-A2 MMSE 


SHEET 1 OF 1 


CRIT. CAT: 


I CEI SPEC NO. 


VERIFICATION PEASES 

A. DEVELOPMENT 

B. QUALIFICATION 

C. ACCEPTANCE 

D. INTEGRATED SYSTEM 

E. PRELAUNCH CHECKOUT 

F. FLIGHT VERIFICATION 

G. LAUNCH 

H. POST PLIGHT 


VERIFICATION METHOD 
m/a|a B C D E F G 1l 

111 

111 ~ 
1 j i 1 
Ijl 1 
111 
111 
111 
111 
ill 


TEST/ASSESSMENT 
REQUIREMENT REFERENCE 

4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2 .2, 4.2.3 
4“2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2.2, 4.2.3 
4.2.1, 4.2,2, 4.2.3 


n .1 . j’’" test activities including test facUlties/equlnment, nerson- 

nel, and procedures shall be established and Included in the vSiacatlon Man. 

used for‘'tesSfM ahall be 

testing at multiple locations to assure uniformity of test results, 

test equipment shall he designed with a fail-safe goal such 
men^ will not degrade flight hardware. An equip- 

ment shall be tested prior to Interfacing with flight equipment to ^sur^that 
no damage or degradation to flight hardware will be induced. Appro^iate ^ 
tolerances shall be identified in the procedures, taklnrS^o amount test 
qu pment capabilities and flight hardware specifications, such that the tP«?t 
results will verify compliance with the fligL hardware s^eSSc^tions " 

^•^•2 Articles 

identifild!*" required to support the test program, shall be as 

4*4e3 Sof toare 

cperacl„S’Srb?J°ISS|iSf'”“® utUination in anpport of verification 
^•4.4 Interfaces 

STS requires interfacing of the MMSE with other 

the tesJ actiejties Tn'rS; 
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5,0 


PREPARATION FOR DELIVERY 
Not applicable. 


6.0 NOTES 


Definition and Design Tp-rms 


AFD core C&D 


controls and displays equipment, of which MMSE is a part, to be 
utilized for payload operations in the Shuttle Orbiter aft flight 


surface area upon which MMSE is arranged; MMSE design includes 
°AQ (L12) With five subpanels within it (L12-A1, -A2, 

-A3, -A4, and -AS) and four additional subpanels (L11-A3, Lll- 
A4, and A7-A2). 


List of Acrom 


AFD 

AVT 

CDR 

CEI 

GIL 

C&D 

EMC 

FMEA 

GSE 

ICD 

LRU 

MFDS 

MMSE 

MPC 

MS 

PDR 

phm 

PS 

RID 

SE&I 

SRU 

STE 

WBS 


Aft Flight Deck 
Acceptance Vibration Test 
Critical Design Review 
Contr.ictor End Item 
Critical Items List 
Controls and Displays 
Electromagnetic Compatibility 
Failure Modes and Effects Analysis 
Ground Support Equipment 
Interface Control Document 
Line Replaceable Unit 
Multifunction Display System 
Multi— use Mission Support Equipment 
Manual Pointing Control 
Milliseconde 

Preliminary Design Review 

parts per hundred million 

Payload Station 

Review Item Disposition 

Systems Engineering and Integration 

Shop Replaceable Unit 

Support Test Equipment 

Work Breakdown Structure 
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1.0 


SCOPE 


^ specification establishes the requirements for n^r- 

formance, desxgn, and verification of a Computer Program fCP) GET -iHianr'?' a 

:??* provide top level software requirements. Thi^ 

equipSnt!"^ required to realize the full operational capability of the CCD 
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2.0 APPLICABLE DOCUMENTS 


following documents, of exact issue shown, form a part of this 

specified herein. In ^nent of Sift S^een 
content of this specification, 

ffL-?- PseeWered supersedLg. Contractor 

‘•'® latent of the belon-listed documents nay he 
ffIsS p V' =P“«i“lly listed docsnents after revien anf ^profai 

■iet'-eets contained herein shall he by S 


2*1 Orbiter Interface 

SS-P-0002~170 NASA 

SS~?-0002~160 NASA 


2*2 Spacelab Interface 


EQ-MA-0002 MATRA 
EQ-MA-0003 MATRA 
EQ-MA-0010 MATRA 
EQ-MA-084 MATRA 

EQ-MA-0001 MATRA 


2.3 Standards 
TBD 

2.4 Other Publications 


JSC 


07700 


Computer Program 6/7/76 

Development Specification 
Volume I Book 7 
System Level Req 

Computer Program 6/10/76 

Development Specification 

Volume I Book 6 

System Level Req 

Payloads 


I/O Unit 5/14/76 

RAD Acquisition Unit 5/1/76 

Display System 5/15/76 

Data Bus Inter- 
connecting Station 5/20/76 

Data Bus 5/18/76 


Space Shuttle Systems, 
Payload Accommodations, 
Volume XIV, Revision C, 
Change No. 12. 
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3.0 


requirements 


3*1 CPCEI Definition 
3.1.1 General Description 

This document is limited to the specification of top level softwarp 
software is required to realize the full opei*ational 

software to implement these requirements may be partiallv or 
different computers/processora depending on the 
p txcular mission flown (Spacelab Experiment Computer, Payload Peculiar 
Computer Orbiter GPC and the Display Electronics digital proL^ It 
will be the responsibility of the phase C/D contractor, undL WBS 07 ni Jn 

?:1L“ lo-tiTo 

thP ^ requirements of this specification, and provide 

tailed Computer Program Specification Doctiments (CPSD). These CPSD 

building sSSnr 


locai-tnn''''of^ specification is independent of the equipment type and 

location of software programs. It represents the results of a LSwaS 

requir^ents analysis performed on NASA contract NAS8-31789. This analysis 

to support each paylo;d S thrSssXn 

^5® referred t o as the Core Control anrOiSlaf 

sof ^are drlvrrcS^SrdwSe! aS Sn^be tbSSt^S as JrStSsfon J^thf 

3*1.2 Missions 


Th^ this CPCEI is limited to the CCD software 

^,'ri ronship (mission) between this software module and payload applica- 
tion or systems software is defined in this section. 


The application software is mission unioue softTirara tiio . 

and development of the applications softnare will be tS respoSlblllS 

conttjrfofthrp“^“ad*^or^^^^ 

systems software is resident in the main computer (Orbiter GPC 
Spacelab Experiment Computer, or Payload provided computL) at all tlLra«fi 

cate“ ShT:c%SSr^vd“ s 
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handle data management of all communication formats. This software will be 
provided by the supplier of the main computer. 

The Gore Control and Display (CCD) software is a combination of the 
display software contained in the CCD electronics unit, and the CCD software 
located in the main computer. The main computer CCD soft^<?are is an extension 
of the systems software. This combination of softrrare is a fixed service 
and will therefore fly on every mission. The top level requirements for this 
combination of software are defined in this document and represent the purpose 
of this CEI. 

3.1.3 Operational Concepts 

This paragraph is not applicable to a CP CEI detailed specification. 

3.1.4 Organizational and Management Relationship 

MSFC has been designated as the lead HASA center for the Aft Plight 
Deck Payload dedicated controls and displays program. The core C&D equipment 
will be located in the Orbiter APD, and therefore JSC will be required to ensure 
ICD compatability. 

3.1.5 Systems Engineering Requirements 

3. 1.5.1 Systems Engineering and Integration 

Systems engineering and integration will include performance of the 
analyses and studies necessary to define requirements for the Aft Flight Deck 
Payload Core C&D, interfaces, ground support equipment (6SE) and special test 
equipment (STE) , and product assurance. Systems design and integration, 
operations requirements analyses, GSE and STE requirements, and systems test 
requirements are all a part of the Aft Flight Declc (AFD) Core C&D engineering 
and integration (SE&I) task. Also included are interface analyses and defin- 
ition, PSS specification development and weight management. The objective 
of the SE&I analysis is to assure an Integrated AFD core C&D design that pro- 
vides a core capability for operating and controlling the many anticipated 
payloads for the Shuttle Orbiter, at the lowest life cycle cost to the Shuttle 
Program, compatible with the required level of capability and limitation infor- 
mation to prospective payload developers. 

3. 1.5. 2 Work Breakdo^m Structure (P7BS) 

The WBS for the AFD core C&D will be in accordance with MA-06, refer- 
ence Volume III, Part I. 

Government Furnished Property List 

This CP CEI will not inco3T>orate any GFP computer programs; however, 
the core C&D software will include both software resident in the >IFDS electronics 
unit as well as in the Spacelab Experiments Computer. 

3.1.7 Critical Components 


Not applicable. 
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3.2 Characteristics 

3.2.1 Performance 

3. 2.1.1 System Reouirements 

functions serviced by the main comnuter 
^yP® (Figure 3.2-1). Three display and keyboard 

f MMSE (panels L-11 aS 

12) shall be serviced via a SAU on the remaining experiment data bna 

toyboard and display shall have the capability o?®cSoSLfrtth citbS 
the subsystem or experiment data bus. All functions on the experimLfbuf 
connected to the EAU shall be serviced TBD times per sLond tS^SsuS prompt 
recognition of commands and timely display of data response. ^ ^ 

System electronics unit driving the Multifunction Display 

bL (DK-4) . ^ ^ ^ capability to interface with the Orbiter data^ 

3. 2.1. 2 Operational Requirements 

operational requirements divide into two basic types. The fir-t 
Enrh ^ display functions and the second type are the MHSE RAU functions 


5 



Figure 3, 2-1 Software System Interfaces 






3.2,1*2*1 RAU - Event Timer 


^ Provide an "Event Timer" (ET) module with functional characteristics 
shown in Figure 3.2-2 and detailed requirements defined in the folloxd.ng 
paragraphs. This software module shall interface through a RAU interface 
wxth event timer electronics. 

3. 2. 1.2. 1.1 Input 


The ET module shall be capable of receiving commands either from a 
keyboard or a data base, via application software. A KB request for event 
timer setup followed by information specifying KB or data base data control 
shall call up the event timer software module and specify its subsequent 
operation. The controlling input data shall be page ID, timer number, start 
time, up/down control, and data initiate. 

3. 2. 1.2. 1.2 Output 

The output from the ET module shall consist of start, up, and down 
controls, combined with a starting time value. 

3. 2. 1.2. 1.3 Processing 

When data base control is requested the ET shall use the current page 
ID number to obtain all subsequent inputs from the data base. If KB entry 
is requested the input data shall be supplied from the mission unique applica- 
tion software via the KB. The ET module shall format the time into four 
transmissions of 4-bit coded data, one for each time character. Using the 
input timer ntimber it shall also format the address code for the time charac- 
ter (1 of 8) being addressed. The start input shall specify the address of 
the variable which the ET module shall monitor to determine when to send the 
start signal. 
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EVENT 

TIMER 

DAT>!\ 

BASE 


KB/DATA BASE 
PAGE I.D. 
TIMER NUMBER 
STARTING TIME 
UP/DOWN 
START COMMAND 


FROM APPLICATION 
SOFTWARE CRT/KB 
INTERFACE 


Figure 3.2-2 Event Timer 







3. 2.1.2. 2 RAU - Ma nual Pointing GontrnT 
in the foxiovie, paragSpLf 

a EAU interface with a MFC subpanel. shall xnterface through 

3. 2*1, 2*2.1 Input 

aoftnare^Sler ” propertloeal input signals to the MPc 

4 Proportional - + pitch, + yaw 

2 Bilevel - ccw, cw control 

3 Bilevel - high, medium, low 
12 Bilevel - selector switch 

2 Bilevel - on, off 

- -n «nm 

3*2. 1.2*2. 2 Output 

represenSg'Srjaf Lf l1 ® 

SlS^e. I'nniables shaU interface »ith mission uniqSe aSiSlon 

3*2*1. 2*2*3 Processin p r 

by moeitoring the°w5f ^put * ^o£I*i?'^'*° control is required 

be set to se?o. If 0 "^ tS fol?^ Aall 

First the selector switch shall ho • processxng will be performed, 

output varSS Le determine which data base and 

shall be determined by multiplying the rLe°inpSs 

from the data base. Finallv the th-roo coai < 1 ^ ^ ^ scale factor obtained 

selected output data queue. * ^ outputs shall be placed in the 
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FROM 

FXPERtMENT 

RAU 


, JNPUT DATA 

queue 


MANUAL 

POINTING 

CONTROL 

DATA 

BASE 


I I 

I cKeR [-P>^CH-YAW CONTROLLER (4) 
OPERATING ! 

I SOFTWARE (2) 

I HARDWARE j HIGH - MED >■ LOW ( 3 ) 



OUTPUT 

DATA 

QUEUE 


ON - OFF (2) 

SELECTOR SWITCH (12) 


1 1 


Figwpe 3.2-3 Manual Fainting Control 





MU-S electable Slewed Disital D-?Rp T^.ro 

fined in the following parasraohs Thfc. ^ and detaxled requxrements de- 

a RAU interface with digital displays. module shall interface through 

3*2. 1^2*3. 1 Inputs 

3»2.1*2*3*2 Outputs 

to Be utliLTB^r:itBeT 
3. 2.1*2. 3*3 Processing 

Mselon 
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DIGITAL DISPLAY 
FROM APPLICATION 
SOFTWARE 


INPUT 

COUPLER 

OPERATING 

SYSTEM 

SOFTWARE 

& 

HARDWARE 


INPUT 

/DATA 

/queue 

^SELECTOR 
SWITCH (12) 
SLEW 

"^MANTTaT 


I 


SLEWABLE 

DIGITAL 

DISPLAY 

DATA 

BASE 


Figure 3.2-4 Slewed Digital Displays 



OUTPUT 

Z DATA 
QUEUE 

u.GITAL 

¥Tspla7TiT 


I OUTPUT 
a COUPLER 
OPERATING I 
I SYSTEM I- 

I SOFTWARE 

I HARDWARE f 
L- j 


TO 

experiment 


SLEW COMMA.' n 
TO A PPL I Oh: ON 
SOFTWARE 




3.2. 1.2, 4 - Meter Displays 

shoT«i i/piguJe 3 2-5^and°deta^^*V^^ module with functional characteristics 

.... xhL 

3.2.1. 2,4.1 Inputs 

queue of system software?^^In^2dition ^it^shall^?^^^^ 

nals from the mission "unlquf appJJc^J^n^'ofJwirey"""'''" proportional sig- 

3*2*1. 2. 4. 2 Outputs 

.bles ."S: pS li ^1:: “sp:f“L%r" prop<.r.lo„pl van- 

vara shall usa this data to drive the Jnalon“L?s“ 

3*2. 1.2.4. 3 Processing 

derive an xndex^to^L”*uSliLd\y^ the^daS^h^^ in the input data queue and 
base shall specif to the MD the^add-roo Under index control the data 

cation softwLe variables ^e to Sa ^ of 36 appli- 

it shall provide the address encodine^i-°°c^^^ meter display. In addition 

faces. aaaress encoding to communicate with the RAU serial inter- 
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FROM 


INPUT 

COUPLER 


experiment I OPERATING j 
SYSTEMS j 
SOFTWARE 
I & I 

I HARDWARE ^ 

! I 

METER DATA 
FROM 

TepucatT^ 

SOFTWARE (36) 


INPUT 

DATA 

QUEUE 


^ SELECTOR 

’swTmTTiI^ 


Figw!^e 3. 2~6 Metap Display 



OUTPUT 

DATA 

queue 


j OUTPUT 
I COUPLER 
OPERATING 
H SYSTEMS 
I SOFTWARE 
* & 

I HARDWARE 

U- 


METER 

DISPLAY 

DATA 

BASE 




" Selectable Switchp^ ^nd Status 

functional characteristics shown \r^Figur °^3 modules with 

fined in the following paraeranhs Thit! cnfl- ‘detailed requirements de- 

through an experiment RAU with these switchesT^^^ siodule shall interface 

3*2. 1,2. 5,1 Igputis 

The following inputs are required by the SSSF module: 

12 Bilevel -switch selector 
6 Bilevel-discrete commands 
6 Bilevel-status flag commands 

3*2, 1,2, 5. 2 Outputs 

location, repreaenting ona o/L SS aal^ML^ "ir"* ® varUbla 

the status flags via the experiment RAU. ' variables shall drive 

^•3«1.2,5,3 Processing 

The SSSF module shall morl tnr i-ho lo t.--i 
index to be used to control ^election S commands and set an 

base Will supply address to spec^^ wheL th! a The data 

(6 of 72), and where in ^he applS^T 5 discrete commands are to be sent 

located (6 of 72). ® ^PPUcatxon software the status flag commands arf 
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STATUS FLAG 
COMMANDS FROM 
APPLICATION SOFTWARE 


INPUT 

COUPLER 


rKun I 

experiment ‘ OPERATING I 

t 


INPUT 

DATA 

QUEUE 


~^^SWITCH 

— ■IUl|«t»J 

‘SELECTION (12)1 


H SYSTEM 
, SOFTWARE 

I Sr 

1 HARDWARE 


DISCRETE 

TSSandFI?? 


SWITCH Sr 

STATUS 

FLAG 

DATA 

BASE 


Hgure 3.8-6 Selectable Snitahee and Status Flag 


OUTPUT 

DATA 

QUEUE 


^STATUS 

TlagFIgT 


r* 1 

I OUTPUT I 
COUPLER 
OPERATING ‘ 
I SYSTEM I- 
I |OFTWARE j 

\ HARDWARE j 

L ! 


DISCRETE COMMANDS 

tF^appucaTToJ^^ 

SOFTWARE (72) 




3,2. 1.2.6 Display - Experiment Alert 

^ ... "Experiment Alert" (EA) module with the functional 

teristxcs shown in Figure 3.2-7 and the detailed requirements defined in i-v. 
following paragraphs. This software module shall iLerface with the dlLSj 
data to provide aUrt statoo o» the botto, llnfol "u Jbt.fd'iJjSy^! 

3.2ol.2.6*l Input 


ing addrSLfof200 allnl^ ^ contain- 

ing aaaresses of 200 applications software variables. 

3. 2. 1.2. 6, 2 Output 

h««nd °^the EA shall be the out-of- tolerance alert variable 

ala . ^ first in first out bases. Wien requested the status of ail 200 

rt parameters currently being monitored shall also be displayed.**' 

3.2al.2*6,3 Processing 

tbao iooiaS 

?hr;r T?“ “ 'Oangs th. 2onarlaS latf bS. 


display 
be sent 


The status of all 200 
upon KB request. The 
to all displays using 


variables shall be stored in a table for and 
first alarm entered into this table shall 
a first in, first out (FIFO) data flow. 
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EXPERIMENT 

ALERT 

DATA 

BASE 


INPUT 



UNIQUE APPLICATION 
SOFTWARE 



OUTPUT 

DATA 

QUEUE 


, OUTPUT 
COUPLER 
I OPERATING 
SYSTEMS 
SOFTWARE 
& 

HARDWARE 


I 

L. 


I 


DISPLAY 
DATA BUS 




Figure 3.2-7 Experiment Atevt 



3.2.1.2.7 Display - Crosshair Pointing Control Lll-2 


Provide a ^’Crosshair Pointing” (CP) module with functional 
characteristics shown in Figure 3.2^8 and detailed requirements defined in 
the following paragraphs* This software module shall interface with the 
crosshair adjustments, and the video display. This software module shall 
allow setup of the next pointing while data is being taken on the current 
sighting. 


3.2.1. 2. 7*1 Input 


The CP module requires the following inputs: 


12 Bilevel ^sY7xtch positions 

1 Bilevel** control request 

1 Bilevel-pointing execution 
TBD Crosshair position signals 


3.2.1. 2. 7.2 Output 


The^^CP module shall output signals to the electronics unit to position 
crosshairs" and to the application software for pointing system control. 

3.2.1. 2.7.3 Processing 


The CP module shall monitor the 12 bilevel switch positions from the 
experiment RAU to determine which pointing system has been requested. Next 
a determination shall be made if crosshair control has been selected. If so 
the crosshair position signals shall be monitored to determine the placement 
of the crosshairs on the video monitor. During this operation the crosshair 
pointing execution command shall be monitored to determine when point error 
signals are to be computed. 


\i/hen pointing execution is requested the CP module shall determine 
the display scale factor from the data base indexed by the switch selection 
and compute the difference between video screen center and the crosshair 
location! This output shall be made available to application software for 
pointing control. 
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Plgvj?e 3,2-8 Crosshair Pointing Control 



3.241,2.8 Display ** Plot 

software module shall interface with the display data bL! ^ 

3. 2. 1.2. 8.1 Input 

■c:£”S 

3. 2. 1.2.8. 2 Output 

3.2. 1.2.8. 3 Processing 

Mission unique application software shall supply the data ha« • 
ments together x^th variable display and plot info«n-,-L tt ? requxre- 
It shall be the function of fh^ J ? I ^fformauion to the plot module. 

Srd\splJ'’datfbus'!"''°“ -nd1Jtput1hrinfo™^L"o^ 
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Figuve 3,2-9 Plot Display 




3. 2. 1.2. 9 Display - Set N Bilevel 

The majority of all actions on the CRT/KB take the form nf 
between several items. Because of this, two (Lb for each keyboard) dS 
base driven programs which select N bilevel options displayed^on a CRT 

£l1 p%f 

identified with payload mission unique application software and 

3,2,1«2,9«1 Input 

n»ber. Sd JhTi^pS to! III ^ItZ 

3*2*1, 2. 9*2 Output 

,U.U.. .S -- 

3*2*1*2*9.3 Processing 

rho PUT module shall select the current data base under control of 

Pap n^ber. The portion of this data base, xmich is active shall 

specified command action in the output data queue. ^ 

th. addr!^=^,f^^ “ monitor module to obtain 
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CRT PAGE 
NUMBER 

kFcommanT 
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SET N 
BILEVEL 


TO DISPLAY 

I 

SYSTEMS 

SOFTWARE 



MONITOR 

DATA 

BASE 


Figm>e S. 2-10 Set N Bilevel 


OUTPUT 

DATA 

QUEUE 


foUTPUT ^ 

1 COUPLER 
I OPERATING 
SYSTEM U 
I SOFTWARE I 

4 & 

HARDWARE 


TO PAYLOADS 

experiment RAUS 


INPUT 

DATA 

QUEUE 


[Tnput 

i COUPLER 
OPERATING 
SYSTEM 
SOFTWARE 
& 

HARDWARE 


FROM PAYLOADS 
experiment RAUS 








3.2.1.2.10 Display -» Set H Froporfcin-nal 


»70 "Set N Proportional" (SHP) modules (one for each KB) to set 

response to a KB command shall be provided. A functional diagrfm 

3* 2. 1*2# 10*1 Input 


« mV. inputs for the SNP module are a CRT page number and a KB command 

softwak?" ^ ^ payload data variables from the mission unique application 


3«2*1*2*10.2 Output 

ar,T,i • 4 .^® oiipnt for the SNP module are proportional command variables for- 

applxcatxon software and the response data words to be sent to th^CRT dis- 


3.2*1*2*10.3 Processinp: 

The. 5 ^ Portxonal response data xndexed by the page and KB command number, 
to tlip varxables and any associated alphanumeric message shall be sent 

the origiS LSr ° “e diepley erhich generated 
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KB COMMAND NUMBER 
CRT PAGE NUMBER 


ro 


Figure Set N Froportional 


SET N 

PROPORTIONAL 



PROPORTIONAL 

RESPONSE 



[PROPORTIONAL 

RESPONSE 

DATA 

BASE 


^ ^iiri ■■ I 


TO APPLICATION 
SOFTWARE 


COMMANDED 

VARIABLES 


FROM APPLICATION 
SOFTWARE 


RESPONSE 

VARIABLES 





3t 2.1, 2. 11, Display 


Memory and logic shall be 
TBD shall be fixed and fusmished 
for mission unique requirements. 


provided to generate 20 display formats. 

payloads and TBD shall be available 
The standard displays shall include: 


1. Proportional tables. 

2. Bilevel tables. 

3. Orbiter Payload Bay Look angle. 

4. Segmented (split screen) table formats. 


3*2.1,2all«l Input 


Display number and mission unique application software variables. 
3*2,1*2*11,2 Output 

information^foJ display integrating foreground and background 

3. 2*1. 2*11. 3 Processing 

display number shall command the display module to access the 

bv ^ application software variables. The data specified 

£SgJSef SLilock 

KB which requested tie dispLy!®^ software for output to the CRT/ 


3. 2. I. 3 Data Base Reouiremffnts 

par.grEp?l.2?J?a!“* £uncti<,r.al nodule are specified t„ 

3 • 2 » 2 Reliability 

The CCD software shall be classified as Prrn,- c . 

fication and validation testine shall h« % error free. Sufficient veri- 
operating requireeentr porformed to check all functional 

3*2.3 Environment 

3*2. 3.1 ^ansportation and Storag e 

a nonopaStin“S5dl?I^Tto “ “P“i££od herein after eapoaure in 

specified in JSC-07700. Volnne XIV Md mO70-0001^“''^””“"“ 
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3.2. 3, 2 Handling 

t-n flight softoare shall perform as specified herein after exposure 

specified in JSC-07700, Volume XIV when handled 

-Qp^t^at tonal Availability 

tractor '^P^ated as required by the PS con- 

p • contractor shall maintain this document in the final Part r 

CEI fom through the change control ayetca, eateblished. ^ 

Review iPDRl^for ^°h*™ent shall be submitted at the Preliminary Design 

^viaw (PDR) for .inai approval by MSFC prior to the start of the Develoomint 

shall'be loco^orSad1«rthrPa^ffcEr" 

trolled by this cPCEl sS bMo » f activity. The software con- 
doceptaao^ in th?foLSfD“:L°^enf ^^^10^!“' development and 

3.2.5 


Transport abilitv/Transportarinn 


signed shipped in a container aoeeifically de- 

tila shLr during highway and air transportation. ViLa- 

fields shali be cSu7L“‘eJeIa''”“Jfi;d°S^^^^ and magnetic 
3d2*6 Storage 

The flight softXi7are shall have a storapp- It-Fo ^ 

and materials shalHe ideKified, and^irieteriora^ion^rl ^ctor^d 
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^♦3 Design, Requirement- s 

G eneral Design and Programming Standart' a 

design and“roSi^?ng'stSdardrS^ f ® ‘^"tailed 

general standards should comply with a ? computer. The 

tion definition of paraffrarih 1 v u design controlled by the func- 

niques, and verification testing/ ^ documentation, coding tech- 

H!B!?° Perfomance/auman B -elneerin^ 

tines pefLconfto dis ™ 

a timely manner. viced and displays are refreshed in 

3-^ Logistics 

This paragraph is not applicable to a CPCEI specification. 

3*5 Personnel and Tranm-n|> 

The CCD software cor -d bv this TPCpt j ■, 

tractors - the payload statio. ^ntractor and ^ho developed by two con- 

personnel to maintain the sJftwa^f contractor. The 

be the responsibility of the mission con^ractor^ ?he navf 

tractor shall furnish a ractor. The payload station con- 

mission contractor, Pi^ogram ascription document for use by the 
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interface Requirements 
ISterp rofiram Interface Requirement-^ 

.io„ .s 1 f 

controlled by ICDs to be sudd! - l Ad Spacelab, lUS) will be 

Include mechenical, electrical. and^X^?Lt£faSr“°'- 

itants cSraUoa^ £SrccD‘‘jf f ° ''*? oo‘t«av^ require- 

ware CPCEI of the naif compuSr u3?LS 

(Figure 3.6-2). The softwaL rAlo^tZ S’ S “^®^^sces with the CCD system 
and RAU wtare%':\„“t;:2e1^oVhrJ“^^^^ 

include enough information to totallv deSSS document shall 

ticn protocol of the interfa:e“'S2 SfriL°l^nXrh1 

a • Command formats 

b. Response request formats 

c. Software to hardware operating descrltpion 
Igtraproer aro Interface ReouirAmAn<-o 

chD progS: i:':hor“‘’pj^:r3'=fr “\Sh '^‘■^ “« 

specific interface reqeirelS:. ii^lVcahlf S Z 



Figure 3.6-2 IntvapTogram CEIs 


jntraproiect Interface Reguirementc: 
Not applicable. 
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CCD FLIGHT SOFTWARE CPCEI 


I 



I 

I 

ICD 


Figure 3.6^2 Software Interface Relationships 




4.0 


VERIFICATION 


conforms^o tS^disiM°LrnSf” designed to verify that the flight software 
herein. Each JeqS^Senf requirements as specified in Section 3 
or test as specified in this section!"” ection 3 shall be verified by analysis 


4.1 


General 


for org.ni.ation .1 responsibility 

Of verifioation L ^“^Ss ““ relationship 


4.1.1 


Msponsibility for VerificatioTi 


4 fc '-'CD flight software controlled by this CPCEI m 4 1 1 • i 

in two processors as defined in na-rflcrT-ant, i c implemented 

tad in the display eleot^^ics nS£ !' l”Plonen- 

Payload StatioS Contract^ .m verified by the 

computer will be verified bv th. Mton- JJ^'^oh is implemented in the main 

testing of the CCD fUgS sofSLfS“be°vSf a' Integrated 

ware development laborLory. ^ verified and accepted in the soft- 

Verificat ion Method Selection 

phase as applicable? verification 

be accomplished by similarity “^*^4 whether verification shall 

oy similarity, analysis, inspection, demonstration or test. 

^lationship to M anagement Reviews 

reviews/”’^ 'I-velopment of flight software there shall be five management 


Preliminary Design Review 
Critical Design Review 
Test Readiness Review 
Verification Review 
Acceptance Review 

llTngJrTri-r''^’'" “ aovnlopment shall he as shown 
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PSS 

PHASE C/D MISSION 
CONTRACTOR CONTRACTOR 



Figure 4. 1-1 Management Reviews 






Phased V erification Requirements 
^•2.1 Development 

So SfSaSSSgraiis’^VhlXdeSS of”' StoSSthe 

Ibility in tha foSSj SslLfSS af , f T*^ contractor vla- 

an asseasment of the ICD software tnodiil ^ required , This shall include 

which impact the InterScrfS « "“'^“1?® w casure that development details 
compatibuSiS SltfSL^ra r°“f“’'/“^5'ced for systems interface 
lutLfacS whiS aS bS;f divSoX:r2"lcS'‘ 

find by the customer durlSg tSSLly”pLtof Lep^ScS!^" 

^•2*2 Qualification 

Not applicable. 

4.2.3 Acceptance 

s?saHH;='“ 

StS“=— 

GSE to sxmulate and test all software interfaces with the main co^iSr. 

opment laboratory. ^ shall be performed in the software devel- 

4*2.4 Integrated Systems 

4*2.5 Prelaunch Checkout 

tractor “id rP%1oiSiiriia\rsSp%irr^^^^^^ ?iaSic^“?“" 

^•2.6 Flight/Mission Operations 

tractor reapouslbillty of the Mission Con- 
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4.2.7 Post~Flie;h<- 


tractor. 


Thxs phase of testxng will be the responsibility of the Mission Con- 


Verificati on Cross-Reference 

reference each verification re^rSent^’^S eaS^Sectior3^rfqiirr°^^" 
Si bSffi'f verification requirement reference 

shall be defined in software section of the Master Verif Icat-f on viT 
revieu cycle (see Pieuro 4 ‘ approved during the PDR and CDR 

validation shS tSfthe ^d kee^^d Validation. 

CEI specifications. All functions contrXrbV rSf CPC^rt^ST 
dated in a systees test configuration usinglhrflSt'rLSInVLfS^re. 


^sst S upport Requirements 


Test support including test facilities and omtn*nTi.tav.f- t. i. 
teat software and test interfLes shall S 2 dSjnS! ’ 

^•^•1 Facil ities and Equipment 

agencies 

aud proc^durJs“s\airStLh^jS^^^^^^^ 

tasting aS“- lL\:LS%n:s-“SrStJ 

SSfhri&lr^hf ““ Sptmtlerances 

abilities and flight LrdSa^rspeSSja^L^^ ScS tSrtS T'^ 
varify compliance with the flight hardwa^ri^eSgcSLns 

4.4.2 Articles 


Test articles, if 
identified. 


required to support the test program, shall be as 


3S 


4.4«3 Software 


Requirements governing software 
operations shall be as identified* 


utilization in support of verification 


^•4.4 Interfaces 


Interfaces betx^een the Payload Station Contractor and rhf 

Contractor ^^a Soft^a Payload computer shall be verified by the Mission 

L.ontractor xn a Software Development Laboratory. 


5.0 PREPARATION FOR DELIVERY 
Not applicable. 

6.0 NOTES 


6.1 


Abbreviations and Acronyms 


AFD 

AR 

BRG 

CCD 

C&D, C/D 

CDR 

CPCEI 

CP 

CRT 

DBG 

DDU 

DEU 

EA 

ET 

ED 

FIFO 

GFE 

GPC 

GSE 

ICD 

ID 

I/O, lOP 

I/S 

IDS 

KB 

LED 


Aft flight deck 
Acceptance Review 
Bilevel Response Generator 
Core control and displays 

Controls and displays; Procurement Phases C and D 

Critical design review 

Computer Program Contract End Item 

Crosshair Pointing 

Cathode ray tube 

Data bus coupler 

Data display unit 

Display electronics unit 

Experiment Alert 

Event Timer 

Electronics Unit 

First In First Out 

Government furnished equipment 

General purpose computer (Orbiter) 

Ground support equipment 
Interface Control Document 
Identification 
Input/Output Processor 
Interconnecting station (Spacelab) 

Interim Upper Stage 
Keyboard 

Light emitting diode 
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MD 

MDM 

^^FDS 

MMSE 

MFC 

MS, MSS 

NSP 

OOS 

PCMMD 

PDI 

PDR 

PL, P/L 
PS, PSS 

PSP 

RAU 

RID 

SE&I 

SIPS 

SL 

SLC 

SM 

SNB 

SNP 

SS, S/S 

SSDD 

SSSF 

STE 

STS 

SW, S/W 

TP 

TRR 

TSP 

VR 

WBS 


Meter Display 
Multiplexer-demultiplexer 
Multi -Function Display System 
Multi-use Mission Support Equipment 
Manual pointing controller 
Mission Station, Mission Specialist, Mission 
Specialist Station 
Network signal processor 
On-orbit station 

Pulse code modulation master unit 
Payload data interleaver 
Preliminary design review 
Payload 

Payload Station, Payload Specialist, Payload 
Specialist Station 
Payload signal processor 
Remote acquisition unit 
Review Item Disposition 
Systems engineering and integration 
Small Instrument Pointing System 
Spacelab 

Spacelab computer 
Systems management 
Set N Bilevel 
Set N Proportional 
Subsystem 

Selectable Slewable Digital Display 

Selectable Switch & Status Flag 

Space test equipment 

Space Transportation System 

Software 

Twisted pair 

Test Readiness Review 

IX^isted shielded pair 

Verification Review 

Work breakdown structure 
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l.Q SCOPE 

performance, desig^^\S^veriSratLn^o?i^C^ requirements for 

identified as Core ControT S Computer Program (CP) CEI 

contract Sf ScEl"“ 

software requiremeiats nLessarv to *=°P l^vel 

The combination of the GSE CEI and this CPCEI wll^^ programs in the GSE. 
capable of testing and isolating CCD problems 

2.0 applicable documehts 


specxficatlon°to°the°extent%eciSed\^^^?^ shown, form a part of this 
tween documents referenced hsr^ anH event of conflict be- 

cation, the detail requirements herein ^ 311 ^^^^“^”*^ specifi- 

Contractor spec if leaf - ^ ^ ‘-nail be consxdered superseding# 

me«s S f 5 belo»-Lt.d df^u- 

View and approval bv m«5t?p p ^ peclfically Ixsted documents after re- 
Shall be contained hereia 

2*1 Orbiter Interfa^p 


SS-P-0002-170 • NASA 


SS— P-0002-160 NASA 


2.2 Spacelab Interface 


Computer Program 6/7/76 

Development Specification 
Volume I Book 7 
System Level Requirements 

Computer Program 6/10/76 

Development Specification 

Volume I book 6 

System Level Requirements 

Payloads 


EQ-m-0u02 

EQ-MA-0003 

EQ-MA.-0010 

BQ-MA-084 

EQ-MA-001 

2.3 Standards 


MATRA 

MATRA 

MATRA 

MATRA 

MATRA 


I/O Unit 

RAD Acquisition Unit 
Display System 


Data Bus Interconnecting 
Station 
Data Bus 


5/14/76 

5/01/76 

5/15/76 

5/20/76 

5/18/76 


TBD 
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3.0 REQUIREMENTS 
Definition 
General Descrip tion 

I/O Proc2sor?o?ule!^^SirmodSe‘'S^ ^ the 

circuits which interface with the AFD cCD^pnnf^^ connnu^cation with hardware 
the executive and interJrSer/ The second function is 

and monitor functions as specified bv the to<n- ®®*l“sntially execute command 
I/O software module to inteSac^wiS lit tt t will utilise the 

test sequence. This module is the laree<!^ thxrd module is the 

to alloo the GSZ to perfom Ite WtSn! ““ IntelUgeuce 

3*1.2 Missions 

This CPCKI wlU be teed to accept end test all AH) CCD equipment. 

‘•I‘3 Operational Conc.ep^g 

This paragraph is not applicable to a CPCEI detailed specification. 
• 2£ganizational and Management Relationship 

Deck Payload dSicSed'^SSrols'^and diLlaJf 

will be located in the Srbiter tlTlZl C&B equipment 

ICD compatability. therefore, JSC will be required to ensure 

3*1.5 Systems Engineering 

terns Engineering and Integra 


analyses and studies”necessa^^to”def±^*^^° include performance of the 

Payload Core C&D interfacPQ t>f a ^®<inirements for the Aft Flight Deck 

equipment (STE),’and product ^fsurLcr^^sjLeSrr^r special test 

operations requirements analyses GSE ana xntegration, 

requirements are all a part of the Aft PllSt systems test 

and integration (SE&I) task. engineering 

jfork Br eakdown Structure 

The WBS for the AFD core C&D tj*fn Ua ^ 
reference Volume III, Part I. ^ accordance with MA-06, 
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3«1«6 Government Furnished Property List 

This CPCEI will not incorporate any GFP computer programs. 
3-1.7 Critical Components 
Not applicable. 
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3 . 2 Characters tics 


3.2.1 Performance 


3. 2.1.1 System Requirements 

The GSE which is controlled by this CPCEI is described in The Ground 
Support Equipment CEI. Figure 3.2-1 shows the three major software functions 
and their relationship to each other and the peripheral hardware. 



Figure S.S’-l GSE Software Functions 


The Executive and Interpreter (El) module will request a test from 
the Test Sequence (TS) Module stored on the disk. The Interpreter in the 
El module will sequentially decode each test instruction. The first instruc- 
tion shall contain the text page for the CRT display. This text shall define 
the test objective command, response and success criteria. The second instruc- 
tion shall contain the stimulus to be applied to the CCD I/O. The third 
instruction shall contain the delay required before the response instruction 
is executed. Finally, the total test result shall be dumped to the printer 
for a permanent record. 

3. 2. 1.2 Operational Requirements 

3. 2. 1.2.1 I/O Module 


The I/O module shall be capable of commanding and monitoring the 
following devices specified in the GSE CEI? 

Printer 

Disk 

CRT Display 
CCD Equipment 
Keyboard 
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3. 2. 1.2. 2 E^xecutive-Interpreter (KT^ 


suite on the CRT, and printing the ?iLJleL“^^snr;n’'Jhl XZT. 
3«2.1«2«3 Test Sequence (TS) 

check elftectL^rrthe MD "Wch 

TS^^dnle Shell include, hut not’he\i.ite'd° thl^^Lt^^lSn^Xah^^ 

3«2.1«3 Data B ase Requlremetits 

No data base requirements are required for this GPCEI . 

3*2.2 Reliability 

able subSnerSo«°er“r!“ isoUti^ prohlens to the replece- 
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TABLE 3.2-1 CCD TEST SOFTWARE REQUIREMENTS 


mmse type 

Rotary Switch 

Toggle Switch 

Momentary Toggle 
Switch 

Status Indicators 
Analog Meters 


COMM» 

Verify each position 

Verify each position Manual 

Verify each position Manual 

Verify each position Bilevel 

Verify full-scale Digital Wn-r/i 

deflection and null 


Digital Displays 


Verify the ability of 
the digital display to 
accept addressed com— 
inands from the experi- 
ment RAU and display 
properly the required 
numeric characters. 


®isital Commands 


addressed commands from 
the experiment RAU and 
display properly the 
required alphanumeric 
characters. 


response 


SUCCESS criteria 


Bilevel Bilevel received 

Bilevel Bilevel received 

Bilevel received 


Manual 

Manual 

Manual 


Position activated 

^'^ll~scale deflection 
and null received with 
TBD% accuracy of full- 
scale 

Appropriate characters 
displayed 


Manual 


Appropriate characters 
displayed 



TABLE 3.2—1 (Continued) 


MMSE TYPE 
Event Timer 


^EST OBJECTI^ noivffTAWn 


Verify the ability of 
the timer to accept from 
either the experiment 
RAU or manual input 
switches preset times, 
count up/ down commands 
and start/stop com- 
mands. Verify the 
ability of the timer to 
count up/doTTO as re- 
quired. 


Manual or Digital Word 


response 

Manual 


veriry the capability 
of the potentiometers 
and MPC to supply the 
full range of analog 
voltage. 


SUCCESS CRITERIA 

Appropriate count up/ 
down sequences 


Potentiometers and 
MPC 


Manual 


Analog Voltage 


Proper range of analog 
voltage iceived 


^BLE 3.2-1 (Continued) 


DKPLAY 

•SSii TEST OBJ£C!CIVE PATTTi^pyf 

Horizontal Deflection X 

Amplifier 

Vertical Deflection Amplifier X 

Video Amplifier X 

CRT - X 

High Voltage Power Supply X 

BIT 

Low Voltage Power Supply X 

Low Voltage Control X 

Front Panel X 

Harness • x 


COMMAM) 


SELF TEST 
BITE PROGRAM 


RESPONSE 


SUCCESS CRITERIA 


Manual/Digital 


No Errors 


TABLE 3.2-1 (Continued) 


ELECTRONICS 

TEST OBJECTIVE PATTERN 

Interface Adapter 

Keyboard Adapter X 

CPU ^ 

Data Flow • ^ 

Memory ^ 

Character Generator 
Circles and Vectors X 

Status Register 

BITE Control ^ 

Graphics Generator X 

Rotation yr 

X-Y Deflection Intensity X 

Backpanel 
Connectors 


Power Supply 


X 


COM^^AND 

SELF-TEST 

BITE jP ROGRAM RESPONSE SUCCESS CRTTFRTA 



X 


X 


table 3.2-1 (Continued) 


KEgBOARn 


TEST OBJEr.TTvn 


Veri.^ the operability of all 
keys 


COMMAMD 


Manually depress all 
keys 


response 

Key function 
displayed on 
CRT 


VIDEO 


Verify video capability 


(^mposite video signal Manual 
with alphanumeric graphic 
overlay 


SUCCESS CRITERIA 

All key functions 
correct 


Test pattern 
verified correct 


3.2.3 Environment 


->.2.3.1 Transportation and Storage 

The ground test software shall perform as specified herein aftot* 

3. 2. 3. 2 Handling 


The ground test software shall perform as specified hersTn 
^nd^“nptckaS!'°”'““^ »P.=i£l.d In JSC-07700. VoW XIV *en ' 

^•2.4 Operational Availability 

CEI form through the change control eyetem established ^ 


The Part I CEI document shall be submitted at tho • - -p» • 

Revieu (IDi') for flnel approval by MSPC ro rb! J . 

shairbo^nJ^orSed“°nto%Te^°^^^ “ S'ap^ovld. 

£or:s5“o:troL“"a; s“b tr- 

trolled w tMa ScE?Srt Pvnnnri-S activity. The softvare ooo- 

acceptence in the Seftwer, Dev“™A.I« LabT“S^“^^ development and 


Transportabil ity /Transportation 


bi:jr IF- 

fieldr^ant; SnSnk'S‘’teve‘?r;oer“'d‘^i “<* “^netio 

mental limits. compatible with applicable structural and environ- 

3«2,6 Storage 

The ground test software shall have a stnTfloo «. 

trol shall be maintained on all parts and material h years. Con- 

or the storage environments specS pSSSj f 
These parts and materials shall be ideMifSJ 25 J's!-; ■ 
factor during storage or efter installetion for use hh. ® 

shail indioate a repleoemenr cycle or rh5 ^eo^^s^-’rftL??;* 

3.3 Design Requirements 
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3 . 3.1 


and Pro gr amming Stand.^Ho 


ablf SragLprf 2 f controlled 

?rol It ? developed independently to a co* f^^n^tion shall be cap- 

i- ss;m;c^ 

Logistic.c; 

This ^ .pec.«.atio„, 

^^rsonne] ^ nd Traln-fnp 

The personnel to maintain ^ho .> 

tiof responsibility S thf 2 ^® payloads in the use 

tion contractor shall u ^ cti 6 inission contractor ■» 

-y th. ^ssto„\o 1 SLt“?“'‘ * ..sortlltlk “r 

Interface R equiren.Pnf e ' 

mi-erfaca. 

M-on 4 Interfaces between the core AFD r/tn .. 

^LSiSiSw 

^ ^^nprofir a gjCnterfa e es ReQui^,»Tnor.,... 

core 04 D'^r% 6 SlrSl'’r?Sore 1 . 6 ^ ^ «thin the AFD 

Specific interface remiirAma ♦- * t CEI (project levels <lo 4 =* 

The Ground lest oof“«e cbT^J“ to the'L^vldn^rjJ^.f'J^" 

-core that all l„p„t ontpoj S,“ 


1 ®DS 


^ MMSE “ 


n GSE 

j 



CEI 

._ 1 

CEI 

irrr 

i .£.ignt botcware 
CEI 

rr r — — ' 

' Ground Test‘"~ 
Softoare CEI 


CEIs 
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^•6.3 Intraproi ect Interface Requirements 



D 


K/A 

4.0 VERIFICATION 

----- %TuT 

3 ..L. .e ... 

4. 1 General 


Responsibility for Verification 


The Ground Test Software controlled by this CPCET win he. iro»--4:* j 
Verification Method Selection 

The verification methods shall include test durins each wpri fi 
phase as applicable and analysis. ® verification 

Relatio nship to Management Ravipwc 

review./” '"*'''1°!”“'= Ground Teet eoftware there ehall be 5 wanagewent 


Preliminaiy Design Review 
Critical Design Review 
Test Readiness Review 
Verification Review 
Acceptance Review 


These reviews relative to ‘ the Ground 
shown in Figure 4.1-1. 


Test software development shall be 


as 


Phased Ver ification Requirements 

4.2.1 Development 
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PAYLOAD 

STATION 

CONTRACTOR 


SOFTWARE 
MILESTONE APDR 


ACDR 


ATRR 


VRA 


f 


VALIDATION - 


GROUND TEST 


CEI^ 

1 

4- 


DESIGN 

A 

DETAILED ^ 



REQUIREMENTS | 


CODE 




”■ F" ' 

1 


PROGRAM 

description! 

DOCUMENT r 

I ■ 



VERIFICATION 


CONFIGURATION 

CONTROLLED 


Figure 4.1-2 Ground Test Softmre Development 


MISSION 

CONTRACTOR 


AAR 




Qualification 

N/A 

4#2,3 Acceptance 
‘^♦2.4 Integrated Systems 

CCD wlt?tL'’SrbitS”ot°sL^flt' PftPP the mting of the 

^•2.5 Prelaunch Checkout 

^llRfa t/Mission Operations 

tractor. testing will be the responsibility of the Mission Con- 
^.2.7 Post-Flieht 

tractor/"'' «>P thhponsibillty of the Mission Con- 

4.3 jfarification Cross-Reference Tndf»v 

each rerSLaSof re,““emInrfo/™rL^^^ reference of 

verification requirealenc for alt i^S fSlt h detailed 

verification tuSS ttt lettlonSt^ Phall be used in 

consist of eutosiSc atd :™r“tiSta«t? 

code meets the requirements of ^ ^ assures that the end item 

during the PDR and CDR review cycle^fsee FigSe\ 1 approved 

called validation. Validation shall method shall be 

requirements ICD^L SirspecLicatLnf ^^ainst detailed 

CPCEI shall be valldai-pH fn ! . functions controlled by this 

harLre aid ^oSwarl configuration using the flight 
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^•4 Test Support Requirements 


Test support including test facilities and equipment, bench setuns 
test softoare and test interfaces shall be as defined ^ ’ 

Facilities and Equipment 

anr? « facilities/equipment with MSA or other Government agencies 

and contractors shall be utilized to the maximum extent practicable. 

fa. Test activities including test facilities/ equipment, personnel 
an procedures shall be established and included in the Verification Plan. * 

for testing f common test equipment shall be used 

for testing at multiple locations to assure uniformity of test results. 

4 .U test equipment shall be designed with a fail-safe eoal such 

ment sSllT^r^f degrade flight hardware. All test equip- 
ment shall be tested prior to interfacing with flight equipment to ensure^ thL 

no damage or degradation to flight hardware will be induced. Appropriate tol- 
erances shall be identified in the procedures, taking into account 

sSts'^Slfier^^ hardware specifications, such that the test Re- 

sults will verify compliance with the flight hardware specifications. 

4.4.2 Articles 


Test articles, 
identified. 


if required to support the test program, shall be as 


4.4.3 Software 


Requirements governing software utilization 
operations shall be as identified. 


in support of verification 


4.4.4 Interfaces 
N/A 


5.0 PREPARATION FOR DELIVERY 
N/A 

6.0 NOTES 


6.1 Abbreviations and AcronvmR 

AFD 

Aft Flight Deck 

AR 

Acceptance Review 

CCD 

Core control and displays 
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CfifD, C/D 

CPCEI 

CRT 

El 

GPE 

6SB 

ICD 

I/O, lOP 

lUS 

KB 

MFDS 

MMSE 

PDR 

RID 

SE&r 

STE 

TRR 

TS 

VR 


Controls and Displays; Procurement Phases 

Computer Program Contract End Item 

Cathode Ray Tube 

Executive Interpreter 

Government Furnished Equipment 

Ground Support Equipment 

Interface Control Document 

Input/Output Processor 

Interim Upper Stage 

Keyboard 

Multifunction Display System 
Multi-use Mission Support Equipment 
Preliminary Design Review 
Review Item Discrepancies 
Systems Engineering and Integration 
Special Test Equipment 
Test Readiness Review 
Test Sequence 
Verification Review 



and D 
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1.0 


SCOPE 


ments of ‘'>® «quire- 

» SUPPORT ffisB). Co~e:J 

operator^LS^^Se'S^ SSStv^^f “®cl»ted software aod 

core controls and dlsnla™ (0CD)^,^t™ '•■' station 

the checkout and verification wltTi m-^ shall be able to perform 

RAh). It Shall proSS^Se neSssaS SSuS C-perimenr 

and it shall monitor the Tesulllnl lL^l^ analog) to the CCD 

(wherever possible) and provide a 20 /no shall analyze test data 

operator as to tha'test llqS^ca to “■* 
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2.0 


applicable documents 


specification toTh°\*teM”peclfied'’LSn' =>>»»”. fonn a part of this 

documents referenced here and’^JSar eoefUct between 

detail requirements heSL Sa?l S cVnslLrST" dpeciflcation. the 

L^roi-hrs“~^ 

reference to these documents contained herJln^ta^Tb^ 

Specifications 


Rgckwgll_InternationaVSpar,e Division Rp ecificafinn. 
MU615-0010 Adapter, Interface, Serial Multiplexer 

MSA Specifications 


CEI Para . 

3. 2. 1.3.1 
3.2. 1.3.4 


SS-P-0002-170 


SS-P-0002-160 


Computer Program Development 
Specification Volume I Book 7 

System Level Requirements 

Computer Program Development 
Specification Volume I Book 6 


System Level Requir-iments Payloads 
Space lab Specificatinnn 

IF-MA-0001 
2. 2 Standards 


Spacelab Data Bus System Specifica- 
tion 


3.2. 1.3.1 
3.2. 1.3.4 


3.2. 1.3.1 
3.2. 1.3.4 


3. 2. 1.3.1 
3. 2. 1.3. 3 


MSEC Standards 

MSFC-STD-512 
12 August 1974 

MSFC-STD-486 
Amendment 1 
July 1970 


Standard Man/ Systems Design Cri- 
teria for Manned Orbiting Payloads 

Threaded Fasteners, Torque 
Limits For 


Military Standards and Specifin«r-ione 


MIL-STD-143B 
12 November 1969 


Standards and Specifications, 0i 
of Precedence for the Selection 


3.3.1 


2 


CEI Para. 


Military Standa rds and Specifications 


MIL-C-17E 
12 July 1974 


Cables, RF, Coaxial, Dual Coaxial, 
Twin Conductors and Twin Lead 


3.3.5. 1 


MIL-STD-1472B 
31 December 1974 


MIL-STD-130D 
1 August 1973 

MIL-STD-810(C) 
10 March 1975 

MIL- STD-470 
21 March 1966 

MIL-STD-889A 
5 May 1972 

MIL-B-5087B(2) 
31 August 1970 


MIL-S-7742B 
15 March 1973 


MIL-S-8879A(1) 
Notice 1 
15 March 1973 

MIL-STD-461A 
Amendment 
4 June 1973 

MIL-STD-462(2) 
1 May 1970 


MIL-STD-12C(2) 

1 February 1971 


MIL-STD-129 
30 March 1973 


Human Engineering Design Criteria 
for Military Systems, Equipment 
and Facilities 


Identification Marking of U.S. 
Military Property 

Environmental Test Methods 


Maintainability Program Require- 
ments 

Dissimilar Metals 


Bonding, Electrical and Light- 
ning Protection, for Aerospace 
Systems 


Screw Threads, Standard, Optimum 
Selected Serial, General Specifi- 
cation for 

Screw Threads, Controlled Radius 
Post With Increased Minor Diame- 
ter, General Specification for 

Notice 1 , 2, 3 Electromagnetic 
Interference Characteristics 

Req. for 

Notice 1, 2 - Electromagnetic 
Interference Characteristics 
Measurement of 

Abbreviations for Use on Draw- 
ings, Specifications, Standards 
and Technical Doctiments 

Marking fo” Shipment and Storage 


3.3.15 

3.3.13.2 

3.3.13.4 

3.3.8 

3.2.4 

3.3. 9.1 

3. 3.5, 6 
3. 3.5. 7. 3 

3. 3. 6. 2. 2 


3. 3.6. 2. 2 


3. 3.5. 7.1 
3.3.5. 7.1 
3.3.13.4 


5.4 
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2^3 Drawings 


MSFC Drawings 


2.4 


MSFC-DWG-40M39582 Harnesses, 
Shuttle Program Publi 


Electrical Design 


N ^ional Aeronntifics and Space A 


xon 


R»viMra°p ray load 

27“%“i976" 


JSC-07700, Vol, 
Change No. 16 
27 July 1976 


III Program Planning and Analysis 


JSC-07700, Vol. I- 
0 14-PI V-01 
Change No. 1 
1 June 1976 


Payload Interface Verification; 
Vol, I General Approach and Re- 
quirements 


CEI Para . 
3.3.5. 1 


3.2. 4.1 
3.2.6 

3.2. 7. 1.1 

3. 2.7.1. 2 

3.1.2 


3. 2. 4.1 


Europ ean Space Agency- 


3.2. 1.3.1 


2.5 


EQ-MA-084, Issue 1 
20 May 1976 , 


Data Bus Interconnecting- Station 


EQ-MA-0002 

Preliminary 

14 May 1976 

Contractor fRT) 

MJ070-0001-1B 

15 January 1976 


Input Output Unit 


cation for the Space Shuttle Sye 
Part I; Perfcrmanoe and Design 
Requirements ® 


Other Publications 


3.2.1.3.1 
3. 2. 1.3.1 


3. 2.7.1. 1 


NHB 5300.4(1D-1) 
August 1974 


Safety, Reliability, Maintain- 
ability and quality Provisions 
for the Space Shuttle Program 


3.2.3 

3.2.5 
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Other Publications 


CEI Para. 


MB 8060. U 
Noveinfaer 1971 


SE-004~002-2H 


HHB 1700.1 (VI) 
July 1969 

DOD Handbook H4-1 
Latest Revision 

MA-06, Vol. Ill 
Part I 

EIA STD RS-170 


Flanmiability, Odor, and Offgassing 
Req, and Test Procedures for 
Materials in Environment that 
Support Combustion 

Guidelines for Identifying 
Flammability Hazards in Air 

NASA Safely Manual 


Federal Supply Code of Manufac- 
turers Name to Code 

Work Breakdown Structure 


Electrical Performance Standard 
Monochrome Television Studio 
Facilities, Electronic Industries 
Association 


3.3. 2.2 

3.3.2.2 
3.2.6 

3.3.13.1 

3.1. 5. 2 

3.2.1. 1 
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3.0 REQUIRmENTS 


3.1 CEI Definition 

3.1.1 General Description 


followinB nler-(ac Support Equipment (GSE) shall be comprised of the 

cne equxpment shall be Standard commercial equipment. 

3.1.2 Missions 


hardware, operations plaru^ing, flight 

S?"S“Site“?or\hrSfo'i 

capability, the Spacelab (SL) 2°^sslonr ^ the AED core C&D 

3-1*3 Operational Concents 

and verify the AFD «rrcoftroiraS“disp^^^ ^^11^?^ checkout 

acceptance testing of the MFDS P-rn*ni- 4- -iT • be used to perform 

into the Aft Flight Deck, GSE is required to Verify ^the°f equipment 

system integration both at KSC and MSFC. ^ equipment during 


3.1.4 


^ ganxgaU x anal and Management Relationsb'fp 


for the Aft FliSf DeS PaJ^oaf f development management center 

core MD e,„lpint wtll bf ioSt^d 

be required to ensure ICD compatibility? therefore JSC will 

-ggstems Zh gineerine Requirement.':! 

Systems Eng ineering and Integrate n,, 

of the aeeXysee cS°2SiS*ScSsa?/to pcrfortianee 

Deck Payload Core C&D, interfacer requxrements for the Aft Flight 

test equipment (STE), and product *assurance^^^sjrr“^5“r*^ support 

operations requirements anLyses, GSE and ?TE lltulT l ^ Integration. 

and integrat/on (SE&I) Usk. a£o i£ludS £^5 engineering 

tion, PSS Specification development and analyses and defini- 

the SE&I analysis is to assure an £te8rate?AFrr2”?r*H objective of 
a core capability for operating and controlli^^^rf -iesign that provides 
for the Shuttle Orbiter, at the SweS Sfr^M anticipated payloads 

compatible with the required level of canfIh^ 1 ^^. ® Shuttle Program, 

prospective payload developMs. ^ ^ capability and limitation formation to 
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3. 1.5. 2 Work Breakdovm Structure (WBS) 


The WBS for rhe ATT) core C&D will be In accordance vjith 
MA-06 reference Volume III, Part I. 

3.1.6 Government Furnished Property List 

Orbiter TV camera to checkout and verify the EU video 

channel . 


3.1.7 Critical Components 

3. 1.7.1 Engineering Critical Components List 
Wot pplicable. 

3.1. 7. 2 Logistics Critical Components List 

The failure mode and effects analysis (FMEA) xrtll be per- 
fomed and will be used to prepare the Critical Items List (CXL), which 
will be used to identify critical spares. Tnis CIL shall include the Single 
Failure Point Summary and Critical Redundant Items, The corrective action 
required and/or rationale for retention shall be determined for each criti- 
cal single failure point. 

3.2 Characteristics 


3,2.1 Performance 


3 . 2 , 1 . 1 General Performance 

The Ground Support Equipment (GSE) along with associated 
software and operator shall provide the capability to checkout and verify 

controls and displays (C&D) equipment. The GSE 
shall be able to perform the checkout and verification with or without 
Spacelab equipment (experiment Remote Acquisition Unit , RAU) . It shall pro- 
vide the necessary stimuli (discrete and analog) to the C&D and it shall 
monitor the resulting responses. The GSE shall analyze test data (wherever 
possible) and provide a go/no-go indication. It shall inform the operator 
as to the test sequence to be followed. The GSE shall provide the capabil- 

applicable sections of memory within the electronics 
unit. The load and dump shall be performed via the data buses between the 
electronics unit and the GSE. The primary operational load mode shall be 
via the CDtIS system, however providing this capability within the GSE will 
be usefuJ for system checkout and integration. 
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«ultl-0=e 

GSE along with the nrL..r ^ ^ component level. The 

of the MFDS shall^S monitor 

priate orbLer cLera 1v "" "f , ^PP’^O" 

furnished property. The video sSnS SSl be 8t>vernment 

RS-170. ° signal shall be in compliance with EIA-STD- 


Pieces of GSE hoXrf SJ so^tSw'cEl!^''^"" 

pieces of equipmentr“cintrarproLssL^^Sut/ 0 ^tnSt^ following 

Display Unit fDU) and ’ P^t/Output (I/O); tnass storage; 

l/o\aL;are wWch w^n ^eqSrl ff 

be standard commercial equipment The equipment shall 

each piece of equipment J iinportant characteristics of 

Characterlstics\ormeitLer.^n genSaS^^^^^ 

available standard commercial equipment. satisfied by the presently 
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3«2«1»2 Central Proce ssor 

as defined in the^Grounriest^Sof tware CEl!'^ software modules 

corfcLSols^'anf dLjtlys^^ itemrorGSrSaL"and\he 

3.2«1,2*1 Architecture 
3.2-l,2.1*l Word Length 

The word length shall be 16 bits minimum. 

3. 2. 1.2. 1.2 Direct Memory Acce.s.c! (DMA) 

There shall be a minimum of six DMA channels. 

3. 2. 1.2. 1.3 General Purpose Registers 

registers. ^ minimum of four general purpose 

3. 2, 1*2,1. 4 I nstruction Set 

input/output ,„d bit ^ 

3.2,1.2.1,5 Vectored Priority Interrupt Levels 
vectored priority interrupts!’'^^ processor shall contain several levels of 

3. 2.1. 2. 2 Memory 

3. 2*1, 2, 2.1 Memory Size 

read/write memory. Thr^ir^t^Gsrseril^??^^ ^ minimum of 16K core 

48K core read/Jl^e meLrv TMs ^ 

allow developLt of gS teirsoft^Lr 

3.2. 1.2. 2. 2 Memory Parity 

memory parity circuitry? memory of the central processor shall contain 

_Power Fail Safe/Auto Start 

AC pov;er is turned on^r^off?^ priorxty level interrupt shall occur anytime 
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3. 2. 1.2. 4 Real Time Clock 

500 ms minimum. tiine clock shall cause an interrupt every 

3. 2. 1.2. 5 Operator Control Pan»i 

3. 2. 1.2. 5.1 Control Panel IntPr-rnp f 

coramand from the control Processor shall be interrupted upon 

Hardware F loating Point 

point arithmetic unit! processor shall contain a hardware floating 


jnput/Output HardwflT-P 


(hardware) interface Stween^the^GSE^fS^^ provide the required 

It shall provide the necessary discrete anrLSor*^ equipment, 

with varxous high speed serial digital I/S channefs!”^ ' 

3. 2. 1.3.1 Digital Serial 

with the primary and^!edundSSt"^^eriS^nt "^‘^^ssary interface 

also provide the necessary inteSce^iSh shall 

face shall consist of orovidirH> orbiter data bus# The inter- 

and timing signals as ^equired^to send^I^S*^ Parity checks, data formatting 
The GSE data and electrical input /output \nte!f these buses, 

compatible with the voltage, dL^ratr characteristics shall be 

requirements in IF-MA-0001 «;<; p nnm ’ ^Pc^ance, waveforms and performance 

EQ-MA-0010, Z SS-P-0002.-160, MC615-00iS;"“"“'^" 

3. 2. 1.3. 2 Subsystem Data BuseR 

the electronics unit(s) associated shall interface with 

color CRT located at pane^r^S fn^T and tri- 
electronic units stated above via both the shall interface to the 

data buses. The GSE shall be able tJ^end redundant subsystem 

and receive responses from each to each electronic unit 

the Spacelab suLystem computer. Identical manner as 

3. 2. 1.3. 3 ^periment Data Buses 

with the electronicJ^unit(srLso!iSr'^!?‘' interface 

tri-color CRT located at paL^fL^Jo ^nd 

the electronic units stated above via both the shall interface to 

aoove vxa both the primary and redundant 
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experiment data buses. The GSF 

ideutiS^'manner^as responses from^eLh°eXctroS^”^® 

cal characteristics shall experiment computer Th^ 

MPed«.ce, ™ve forms Ind ™ »lth ths 

Arbiter D.f. ii..„ 

Stf Se\T 

b= SdPd commlrdf to ”“"1= b-10 and wt i\a «p CRT 

electronic mir in “”“ end receive vL ‘e able 

electrical apd data ph ^ entical manner as the orblter ^°"e®® ^tom each 
■iebe rate. SpedajL f “"eU be co^'aShf. ’^e SSE 

110 . OS W-l 1 „“^'- If™ - -^®™nc 7 r%“nire::ntt 

The^GS^vif^tha^^ ^“‘^®^facing^Sth'^a Su Ir^t? ^SE. 

^®1SE lo. ated at interface indi^ ^®J»andwired. 

in the AFD. The^GSE^fh through the the 

redundant experSn^ to thf SAV v!Tb!^^iu 

to the RAU aL receive be abl^t^® Primary and 

the Spacelafa exoer-iTn 4 - P*^^ses from the RAU in ^ho ssnd commands 

facing dirLtS t^"'^af°'"‘’““b. Alec. t^GSE „““““1 “”-at aa 
fpacalab uu %^t ||| at panels wf'^l ^ 1 ,“'?“^ l”f®t- 

dlgital outputs In S! ffaH.PtovIde all the discraS J ®^'=‘“>"f 'be 
GSE ahall also accent Mnner as a Spacelah ‘ and serial 

■»P bbe spacelah L^pl'l^e^^ 


^•2,1.4 Maas Storgog. 


S«rS'prooe1foTS operating pracedure 

aet dalila^nhlt?'^ bhe cSr^l^f ^ lafe the 

"®ab Of Stou1dts“ :S“ "-”XTt\”Sil J- 


Mass_Storage_Tyge 


or moving head dlsc!^® ®^°tage shall be either a fixed head 

itorage^Caeac^ 

s-.a» = 5S "i;:.:.:.“,'=,-ii; ““- 


means to observe Jhf display and keyboard (shoii 
hina to interact (v^a 
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3 . 2 . i * 5 . 1 Screen Size 


The screen size shall be 12 inches diagonal (minimum). 
3«2»1«5.2 Display Format 

The display format shall be 20 lines minimum, 80 characters. 

3. 2. 1.5. 3 Character Repertoire 

There shall be 64 alpha-numerics and symbols ASCII coded. 

3. 2. 1.5. 4 Editing Features 


delate, character over lasart/ 

3*2.X*5«5 Input Power 

The input power supply source shall be 115 volts 60 HZ. 
3«2«1,6 Line Prs.nter 

quance and test ^ “P? “* test se- 

3. 2.1. 6.1 Printing Rate 

The printing rate shall be a minimum of 60 1-rn es 

3. 2.1. 6.2 Character Set 


per minute. 


tteough 9). 26 « 

All characters shall be ASCII compatible. ® ^ ^ special characters. 


3«2.1«6*3 Golmnns 


There shall be the standard 132 maximum columns per line. 

3. 2. 1.6. 4 Controls 


The follox»ing controls are a minimum requirement. 

3. 2.1. 6.4.1 Stop/Start Switch 

The start/stop switch shall be lighted when “on". 

3.2.1. 6.4.2 Top of Form Switch 


of form. 


The top of form switch shall allow 


manual slexd.ng to top 



3. 2. 1.6. 4. 3 Forms Override Switch 


The override switch shall allow the t-« 

complete the form being printed before changing paper. 

3*2.1«6«5 Input Power 

The input power shall be 115 VAC, 60 HZ. 

3*2,1. 7 Tape Drive Unit 

ment unit ntiW'i intercomputer program transfer (develop- 

ment unxt only). One tape drxve shall be required to enable develooment 

software on an IBM 360/370 for transfer to the elLtronics 
unxts’ memory xn the MFDS. ^j-ecuronxcs 

3.2.2 Physical 

tained fmn, characteristics pertaining to the GSE shall be ob- 

tained from applxcable sectxons of paragraph 3.2.1. 

3.2.3 Reliability 

(ID-1). Reliabxlxty provxsions shall be in accordance with HHB5300.4 


^•2.3.1 Critical Single Failure Points 


0 


fh.t- -n . . assign goal, the GSE shall have 


3.2,3. 2 Failure Deterrent and Detection 

The design shall incorporate the following: 


a. 


b. 


GSE shall be designed such that transient out-of- 
olerance conditions or component failures will not 
cause other damage to, or failure of, other components. 


Threaded parts and fasteners shall be 
to prevent loosening during service. 


positively locked 


Bypass circuits used in checkout or calibration proce- 
device?^^^ override electrical system protective 


d. Solxd state st'/itch.es and amplifiers shall be given 
preference over electromechanical relays and other 
vibration-sensitive electrical/electronic parts. 


e. 


nidirectional components or piece parts shall be de- 
signed to preclude backward installation by using non- 
symmetry of configuration, different connecting sizes, 
or comparable means. 
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3*2. 3. 3 Reliability Goals 

The reliability goal of the GSE operation shall be TBD, 

3*2.4 Maxntainability 

selactad and inSllfd =>>dU ta daslgnad, 

.aad. S.U pn^aeSa'Ia- 

^stallatlon/Removal/Ra placmanf 

and displays panels or consol^°sh^l^^°rcoom^i ■ dadicated controls 

upon tha ratum of tha omtaf^JS f “ 

dedicated controls and displays panels or con^snl^^ payload 

the payload turnaround time cLstraints a<? consistent within 

and JSC 07700, Volume I-014-PlV^Ol? specified by JSC 07700, Volume XIV 

allguaant, IntagrSo^lS SS" ’^""'‘>''"1- raplacamant. 

3. 2.4.2 Scheduled Servicing 

quancias for urltL\-fL?Sd*Jtl“a\a^rL1%ta^^ 


3‘2*5 Operational Availabi 1 i t-<T 


PS Contractor. The P?C^rSor“h3ll'^L2S thls’’d““'* taquired by the 
Port I CH fom through the change aoSrrSSe^taSiS ^ 

•Design Review app%”“J S"pc^rtfrlh“ 

and approved shall be incorporated d ^ ? written against the CEI 

MSEC, this document will be Governmenf- ^ ^ After acceptance by 

trolled as such in aSo“d^:ce°SrS^ 

4uiremenc8 of the procuring activity. 

3.2,6 Safety 

077 nn^ to preclude hazards to per- 

07700, Volume XIV, or contained her^.^n n ^ Safety paragraph of JSC 
categories, and hazard reduction Drecedenno classification 

5300.4 (lD-1), Safety, S?aS?Lf S! • specified in NHB 

Por the space Shuttle Program/aSj-£7SS??:'’&L\yn"JLf”'^^^“‘= 
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3*2. 6.x Crash Ssfstiy 


Not applicable. 


^*2.7 Environment 
3.2. 7.1 Natural 


3-2. 7.1.1 Transpo rtation and 

in a nonoperating condition^to^flTi^^^^°^? specified herein after exposure 
specified In JSC-07700. VoXumn xm 2fSo7S!SoS-Sr “'i Pangen 

3. 2. 7.1. 2 Handling 


3.2. 7.2 Induced 

giight Operational 
Not applicable. 

3. 2. 7.2. 2 Honoperatinnal 


3.2.8 


Not applicable. 

l£gSg£ortabilitv/Tr^ncr»....,...^„^ 


hardware dSng^highway'^aS ® specifically designed 

shock, pressure, temperature transportation. VlhraMm? 

s s.". 2.sr“ - <-s^-i.“ss;js*2-S£ s-s=; 


3.2.9 


Storage 
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3.2.10 Operability 
3.2.10.1 Operating Life 
TBD 

3-2.10.2 Useful Life 

to .00 "" 

3.2*10,3 Shfilf Life 

3.3 Design a nd Construction Standards 

Selection of Spe c ifications and Standards 

development of hardware^^in^additl necessary for the design and 

be selected in the following order of p^efSn^f^icepI 

a. MSA specifications and standards. 

b. Federal sporificatlons and standards. 

c. Military specifications and standards (MIL, JAN, or MS). 

d. Other governmental specifications and standards. 

e. Specification and standards released by nationally rp 

ognized associations, committees, and technical Lcieties. 

f. Supplier specifications and standards. 

1« as a standards sball be selected using HII.-STD- 

3»3.2 General 

Materials . Parts and Processes 
Not applicable. 

2-3.2. 2 Flammability Reouirempni-p 

ment installed thSS^riteirL'^compatiS^wit^ contained in equip- 

specified in NHB 8060. lA. SE-004-002-2H^ihall bp flaunnability requirements 
flammability hazards in air. ® ^ guideline to identifj 
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3. 3. 2. 3 Outgasslng of Material g 


3<3.2.3>X Internal MaterXaXs 
Not appXicabXe. 
3.3. 2. 3. 2 EsternaX MaterlaXs 
Not appXicabXe. 

3. 3. 2. 4 Lubrication 


Not appXicabXe. 

3. 3. 2. 5 SoXdering 

Not appXicabXe. 

3. 3. 2.6 Restriction of Use of Woi-curv 


GSE TJT 101 - Mercury in liquid or vapor form shaXX not be used in the 

GSE. T-There no satisfactory substitute exi^si-Q m- a-n j 

It r p“ t.c- 

dveat of ito feleaso shall ha suhMtJaTto^NAsI/HSTO £or°ap“^Sf°” ^ 

3*3.3 AeronauticaX 

Not applicable. 

3.3.4 Civil 

Not applicable. 

3.3.5 Electrical 

3*3*5. 1 Electrical Wiring 

a. The wiring installation shall consist of cable harnesses 

SfcSS vehicle sliall conform to 

MSrC-DWG-40M39582. Wire used in cable harnesses shall 
shall conform to Specification MIL^-C-l?* 

b. When etching of wire insulation is required in the GSE to 
provide satisfactory bonding to potting ^teSals thf 
open end of the wire shall not be expofed S the ^tcW 
The preferred process is to form the wire into a 

shape, immerse only the bent portion in the etchant, and 

Wire Shall not be cut off prior to neutralisa- 
tion of the etchant. Electrical wire or cable insulated 
"ith Polyetrafluoroethylene or fWiSSd 
Propylene shall be etched prior to potting to 
mdchanlcl bond strength end envlronnLS^eS 
etohtog.^'^^^ eocompllshcd Kithip three weeks after 
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^•■^•5.2 Electrical Connector Kevins 


C&D panels shall bf keyef in the AFD core 

nection with other accessible plugs or reLpfaSfs!'° incorrect con- 

§fg ^ j^ ^°nnector Pin Assi g nment and Pin or Socker 


a. 


3. 3.5,4 


Siis;.-;T:„‘sr:.’s "s: sss • “■■■• 

*f“ =*»11 l>e de- 

used to Pr-=nt‘^pL“‘^f 

i.d dit^oS^S'throogrSe osfrSo^ScS™ 

proof connectors, or similar means. pi"S, .aploslon- 


Protectlon of Electric a l and Electronic DeviVa. 


corporate protectiorSSt'rt^sfp'Marlfr''"^ 

inputs during qualification, acceptanL and^nrh improper electrical 

dar^age the devices in a wav that would * *■ u tests if such inputs could 

ei . -ent. imediately and uninisLkably 

aS! -rlcal and Electronic P.o rn-Parts. Closure 

Not applicable. 

Electrical Grounding 


a* 


b. 


gJ^''ateS”bnr-''°T° PlPSle-poinr”" 

?he sinS P0i«1S^L\rbTc2:tr^^^ 

to the Shuttle. capable of being connected 

gSgSate^ffi^ - The primary DC po»er shall he 
case g'rtn'd^h^S rp^ni\fS“I?- =— ' 


llectromag netic lnterferor.no 
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3-3. 5. 7.1 


Electro magnetic Compatibility (EMC) 


compatibility and be designed for electromagnetic self- 

th. Space Shuttle for SeserSIhe 

the Shuttle. The electrical an^eWr^/ proximity with 

of, nor be suscentibl,. equipment shall not be a source 

STD-461A and 462 ! * electromagnetir interference as defined by MIL- 

3.3. 5. 7. 2 Corona Suppression 
Not applicable. 

3. 3.5. 7.3 Lightning Protection 

protected from bigh^Juttentt^iSuctd"'brthe‘'liS^^ adequately 

site. The case ground shall be accomplished Jfth JS ejf “ ® 
structure through low-imoedance connected to the 

mounts or thermal isolation prevent this ^then"wld^ surfaces. Where shock 

jumpai. may be used in accordance ^iS the Wdeef * ^ondlns 

ance witn the bonding specification MIL-B-5087. 

3.3.6 Mechanical 

3. 3*6.1 Design Safety Factors 

factor of 3.0 and’^e^ieid^LfetrLfSref ultimate safety 

3. 3. 6. 2 Fasteners 

. , Threaded fasteners used for seenr^Tlo 

wherever possible shall ho ^ securing a single component, 

of blind fasteners shall be minimized ^^ThreaXdT strength. Use 

per MSFC-STD-486. * Threaded fasteners shall be torqued 


Accessibility of Fasrenar-Q 


such that access to threaded^fasteners^v\e”**^^^^^!^ 4 T'^ shall be designed 
conventional tools. accomplished with the use of 

3. 3. 6 . 2 . 2 Screw Threads 

hardware (except for GSE) shall \e°of*^un if led Shuttle system 

ance with MIL-S-7742 or fs ”ppUoa^^^ lu acLd- 

a. Material tensile ultimate strength levels un fe u 
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b. 


SS“,S -s.s-.Kjri.ts 

MIL-S- 8879 . ’ ®® 2, in accordance with MIL-S-7742 or 


3*3.7 Nuclear 


wot applicable* 


and Fmau« 


only materials which resist t^^corrosive^fet^ design considerations, 

moisture/humidity and fungus shall be used which tn from 

used which conforms to MIL- STD-810. 

Corrosion of Metal Parts 

ing, plating, anodiLngrchSiL^coaSnS*'^^ corrosion by stress-reliev- 
thereof, provided that^such ^oScti^nTcomSf?^^^ combinatLT 

space environmental requiremLts. compatible with the operating and 

•^•3.9.1 Dissimilar Metals 

in nonbinntiof^SsrthJy’^re Mtt-SID-389, shall not be 

corrosion. suitably coated to prevent electrolytic 

3 . 3 . 9 . 2 Finish 


Not applicable. 
Contamination 
Not applicable. 
Coordinate Systom 
Not applicable. 




Int_erchangeablH ty and ReplaceaM i 


Inspection and ®^intSncI?^^InL^rfrDrf manufacture, assembly 
nterchangeable and/or replaceable in accorSnc^ Jth 


-Identificat ion and Martr-fn.> 
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3.3.13.1 Identification of Parf-g 

number. The same Secification’'^^^‘’^^^^i identified trith a part 

all like materials, processes, and Srts^^sSleJ^sLlI 

number to the part when author-f 9 •o,^ * S-ller shall assign a new part 

changeable with respect to intLffce rSLbSv*'^^ superseded part not inter- 
a^bility or performance. For traceable -Th safety, logistics, trace*- 

additionally include the manufacturer's identlf^® identification shall 
DOD Handbook a 4-1, and bo lot no^bored ot sorLlIX^d 

^•^•^3.2 Supplier Part NtimhPT- 

procuto^ant part to the GIE 

uumoer, snail be in accordance with MIL-STL-310. 

Development/9nal^f..t.f.r.n 

fied prior to testing with th^worS^^ENG ^TeS^OKLY” °Jyioasly identi- 
xdeatxfacation required by the drflMin.,/o« ^ addition to the 

on production items. The^ietters sh2l preclude their use 

ive and vivid contrast with the color^if*^th^‘^^^^^J’® provide a distinct- 
and identification location shlj^b! f ? specimen. The lettering size 
Materials used for the identificatlon'^stell^I^^^^^^i-^ i observation, 
men and its operating environment When th ®/^°®P®bible with the test speci- 
speclmen is such the^identification configuration of the test 

able means such as ^P--n, other suit- 

3*3,13«4 Nameplates 

and shall Include S^n^ej MIL-STD-330 

Treaty Organization Stock Number (FSN/NATO) • ma^nf Atlantic 
er s serial number, part number Abbrev^a^^r. ® “^^*^burer; buyer; manufactur- 
12, may be used. ’ evlations, in accordance with MIL-STD- 

3.3.13.5 Identification of W^T^^nf^ 

shielding. Mentifioatlon of wlrlog aboil not dograde Insolation or 

3-3-13.6 aactrlcal and Elaotrm,tc Reference 

affined to the hardTOre'^ln^re”^a*'^^*^**^°°^ teference designations shall be 
electrical coLSc^oS)! "SAS V32.16-1968 (for eSaJ^al 
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Electric al and Electronic Sy mbol..:! 


schematic information is affixed to the r<?P 
electronic symbols sha 1 1 he -in o« j • i * the 

quirements of USASY32. 2-1967. ^ accordance with the re- 

3.3.13.8 Reidentificatlon 

be changed wheneverredSigrrS^ts components, and parts shall 

3* 3, 14 Wcrlqnanshxp 


Human Per formance/Human Enf ^ineev,-.,^ 


the human operator wherever^^^n*^me^h**^^ capabilities and limitations of 

forces, and'^cther 

and work stations Tha *i°-i * ^ srxstics of controls, displays, 

shall be MIL-STD-1472 and MSFC-STD-SlJf^ man-machine interface 

3*4 Logistics 

3*4. 1 Maintenance 


a. 


b. 


c. 


d. 


TheGSE shall not require scheduled maintenance. 

2loUl rS to preclude the use of 

t puiri/^j c ? So“itu X 

2: 2SuX22he^?irr?h^%- -‘-2 

The GSE shall be designed to satisfy the requirements of 
a Lxne Replaceable Unit (LRU). 4«iremencs of 

The GSE shall be designed so that routine corrective 
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3. 4. 1.1 Installatlor. 


a. The equipment design shall physically prevent the in- 
correct installation of modules and submodules. Clearly 
visible color coding and labeling in close proximity to 
maintenance disconnect points shall be used to facilitate 
removal and replacement of any subassembly level of equip- 

b. Components shall be mounted in a manner to avoid blind 
adjustments. 

c. Threaded fasteners used for securing a single component, 
where practical, shall be the same type, size, and ten- 
sile strength* 

d. Captive fasteners shall be utilized to fasten LRUs. 

3*4. 1.2 Accessibility 

a. Electrical connectors shall be accessible without dis- 
assembly or removal of functional equipment or components. 

points shall be clearly marked and 
hall be accessible without requiring removal of access 
plates or covers except service caps. Calibration con- 
functiSs^^ accessible and clearly marked for major 

c. All fasteners on a single access cover shall be of the 
same length, diameter, and type. 


3. 4. 1.3 Replacement 


b. 


Mounting provisions shall permit SRU removal and replace- 
ment without disconnecting any equivalent level SRU^in 
the line replaceable unit. If removal of a LRU structural 
e ^ent xs required for access, such removal shall not 
affect electrical or mechanical alignment, nor shall the 
^ctaical strength of the oott he Lpa?Jed S S “oSt 
that bending of the unit, its assemblies, electrical ham- 
esses, or plumbing attachments will occur during norm^ 
bench handling of the unit. ® normaj. 

components routinely removed shall 
be operable without hand tools and shall be acceSblf 
without requiring removal of access panels or covers 


3.4*2 Supply 

the AFD core C&D design shall ’be^recorded^o^^a panels which make up 

that these components^ subasLmfalier ®®sure 

and ready for Le by each ^^ent ‘aeSvS^^^^ 

fluence the design. ^ activity phase that may impact or in- 
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each of the ite^s- information records shall he maintained for 


a. Part ntuabers. 
b* Name of parts* 

c. Quantity required and available. 

d. Required delivery sites. 

e. Planned use sites. 


assure 

ponents 

tion. 


availabilit-^nr?/^''°'''*^^"^^^ Provide the required information to 
Tf provide sufficient time to resupply com- 

ay appear that a shortage could occur prior to the next opera- 


3.4.3 


Facilities and Facility Equipment 


prior to delivery and acceptance tested parts or assemblies 


requirements. 


Ho new or unique fncilities will be required for the logietios 


3.5 


Personnel and Training 


assurance. anrtesrpraSiSrL'^pplSrtn •^bufacturing, product 

Apollo, Skylab etc win b! „«,■ a 5 to prior space programs as Gemipi, 
maut piUse! ^ contractor's deslgu/develop- 


appliad to thr?! coSrSjo?i\c?SjL"s°Md°‘’Serrt^^^ practices to be 
will be oeeded for persopuel training, training Senra^d'Lmt^^^ 

verify the ad^Zcrc^th^^tSLf^^Ss^^^^^^ 

3.6 Interface Requirements 
3.6.1 Interprogram Interfargg 

specification is"f p1rt!\L"'Xr'^of^Lrr 

be controlled fay iCDs to be supplied bl the Phis ' V * Spacelab, lUS) will 
electrical and software interfaLs. ^ ^ ^ ^ contractor for mechanical. 
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Intraproeram Inteff;4ooQ 

the tfD cere ^ r'“" 

uel project. teterfece requirements eppllceble to S Individ- 



Intraproiec . Interfacpt: 

and Keyboard/Centr al ProcesBr.T. 


cesser vie env ei^h^^Se^dlrd^^-l^t^ ^ Pte- 


^33 Stora^ e/Central 


processor via either a parallS^LS'^Lroi^^direcrm*'*'^ ®®"tral 

ous or a direct memory access channel. 

3.6. 3. 3 Ljjie_Prj .nter/Central Processor 
Via either a seriaTo^^™^^^^^^ to the central processor 
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4.0 VERIFICATION 


The verification program is designed to verify that the GSE hardi^are 

construction, and performance requirements as specified 

hv Ittl ^ Each requirement presented in Section 3 will be vLified 

by test or assessment as specified in Section 4. 


4 • 1 General 


The following subparagraphs specify the organizational resnonsibllii-v 
for acc^pliahlng formication, vcriflcatlL mathoL to ba “adrSqSlriioMs 
or test/equipmant failures, and requirements for phased verification. 


Responsibility for Verification 


r.af-r ^^S^’^izational responsibilities for performing and supporting verifi- 
A f°^A various verification phases of Paragraph 4.2 shall be as 

'‘=^P»”fiWllties are defined as primary and supportive. It 
shall be tte Government's right to oltness and verify the results of all 
verification accompl j.shed . 


Verification 

Phase 


1. Development 

2. Qualification 

3. Acceptance 

*Legend 

MSFC NASA-MSFC 


.^^.Org anizational Responsibility for Verificat-inn. 
Primary Supportive or Witness 


PS Contractor MSFC 
PS Contractor MSFC 
PS Contractor MSFC 


^•1*2 Verification Method Selection 

Tihaatb » '^®’^^;[^cation methods shall include test during each verification 

SStion similarity, analysis, inspection, demon- 

stration, and validation or records. These methods are defined in paragraph 


Design Margin Verification Selection 

Uf safetT;Sli“b?u's'S='° 

Yield Factor of Safety - 2.0 

Ultimate Factor of Safety - 3.0 
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Flight Hardware Failures 
Not applicable • 

^•1-4^ Test /Equipment Failures 

system raelfunctionT'corrected^or^'satirf s*»s*™pass! all component and 

appropriate reverSltaSorraoSrSlS^^^ ^ 

of failure or other reasons. ^ equipment replacement because 

moot to the ext^J“LesSy‘L^;S»;\f f 

retest requirements shall specified artl™ S%f n ®1“^P»sPt- The 

shall be a part of the contmii-incy iaxlure or replacement and 

ferred to the aext scheduled functiLarS^S'^th “ay be de- 

verxfication must be accomplished prior to launch for mgS t^Znlni 


phased Ver ification Reau.i.rPTnon«-c 


specified in t^^pfrlgraph^^r^VerLicatiorc^” ^ j®jai^ements shall be as 
ticns Of the verifioeLS ^.iT' 

4.2.1 Development 

feasibility of the desim^'anornf^h^*"^^'^ process for verifying the 

of the hardware to pass qualification ability 

dor hardware development is remH aA * ■'Visibility and control of ven- 

in the applicable procurement drirtngs^SlLlwr''"'" 

^•2*2 Qualification 

launch, lifhere vislbiHty'^ind^control^of^ qualified prior to 

propriate direction shall S incOudOd ? hardware is required, ap- 

specifications. Test types durations ^PPiicable procurement drawings/ 
fication Shall he accomSed^^^" 


a. Test - Qualification Testing 


paragraphs. 
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4. 2. 2.1 Qualification Testing 

Qualification tasting is an individual or series of perfor~ 
mance/functional and environmental tests conducted on hardware at environmental 
test conditions normally more severe than acceptance test conditions to estab- 
lish that the hardware will perform satisfactorily in the use environments with 
sufficient margin. 


4.2 3 Acceptance 


The GSE including all components, shall be acceptance tested 
prior to launch. Where visibility and control of vendor hardware is required 
appropriate direction shall be included in the applicable drawings/specif ica-* 
tions. Test types, durations and levels shall be specified. Acceptance test- 
ing shall be applicable to component through system level. 

4*2. 3.1 Component Acceptance Testing 


Component acceptance tests consist of performance /functional 
and acceptance level environmental tests to assure compliance with required 
specifications. This testing is conducted to detect manufacturing flaws and 

that cannot be detected by normal inspection techniques as 
well as verify functional conformance to design specifications including en- 
vironmental exposures. ® 


4. 2. 3. 2 Subsystem/ Systems Acceptance Test '. 

These tests shall be performed as appropriate following com- 
ponent acceptance tests to demonstrate compliance to specifications. Sub- 
system and system verification in various operating modes and interfaces at 
normal supply voltages will be considered. 

4. 2.3. 3 GSE Acceptance Testing 

The GSE shall be acceptance tested as an end item prior to 
delivery to the next higher level of hardware assembly. Testing includes 
system to system interface checks, operation of individual GSE systems, com- 
bined systems functional and mission sequence simulation tests. Test types 
durations and levels shall be specified. ^xPes, 

4.2.4 Integrated Systems 


of the r<?p ^ the testing performed after the mating 

f the GSE m-th the Orbxter or Spacelab subsystems, and will be the resnon^^i- 

Contractor. The PS Contractor ahali a„pp«t"rtrS“L„ 


4.2.5 Prelaunch Checkout 


r 4 - 4 . phase of testing will be the responsibility of the Mission 

Contractor, and the PS Contractor shall support the Mission CoLractor. 
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4-2,6 Launch 

Mission Contract! testing will he the responsibUity of the 


Flight/M issidn Operations 


Mission Contracts! testing will he the responsibility of the 

4.2.8 Post-Flieht 

Mission Contractor^ ptiase of testing will be the responsibility of the 


Verification Cr oss-Reference TnHo-a- 

cross referenS^re^fr^SSicatto^rfa^^^ ^ one-for-one 

raent. Verification shall be by test 5°‘ Section 3 require- 

Assessment Methods 

(c) InspeotlontldrSaSn'’^ s^toity; (b) anaZyaisi 

definition of the nathods as need herSrMSwsf '‘="“=«dtion. A brief 


a. 


b. 


l^erS^if it^can^h^^rf*^^'’" similarity shall be con- 
data or applLa"L^o?^"^^^^ 

that the article is similar or identical experience), 

factoring process to another article^that-^Lf^®^®“ 4 ^”‘* 
been qualified to equivalent or mora J ^ previously 

Ciferia <e.g„ Sbylab, Apollo a^XIlSfLSSeT""' 
^!^n■a^SM^^L'’^'““‘ ''“Wlddtldd In lieu 

fUatlon^re St'^n e”. ThTlel“ 

s&ySHnsr^^^^ 

Analyals nay be conaidered when ll Sn brdeteLlS^ttotr' 

2) accurate analysis is possible. 

Test xs not cost-effective. 

applicable. 

) Verxfication by inspection is not adequate. 
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c. 


d. 


e. 


(End~Ite^ ^“^pection techniques (e.g., 

StSSfcom ?f With, drawings, wire coding, 

^teridl compliance, etc) may be used in lieu of or in 

conjunction ^th. testing to verify design features (e e 
dimensions, bonding, assembly metLds, Itc). 

i readStl°f/^''; — “ records may be used 

tLll l ^ acceptance to verify latent conatrucLon fea- 

D fflonstration - Demonstration techniques (e.g. service 
access, transportability, crew-hardware interfaces re- 
placement provisions, etc) may be used in lieu of or In 

qSi^eSs! compliance with the re- 

GSE Verification Requirements 

fied in Table 4.1. The^left-tend^cnl”^^ Section 3 paragraphs are identi- 
Section 3 requi;i;ent by Identifies each 

number of the paragraph. The^erifiStion^m'^fh^a^^'v^l*^'^^^®'^’ sentence 
cation phases are presented in the matrix The°riah/r verifi- 

the applicable Verification Plan nat-a u right hand column identifies 

iBJleaentation of each verlftatiM 

Test Su pport Reauiremenh.q 

«tupo, test 


4.4.1 


Facil ities and Equipment 


fisting facilities/equxpment with NASA or other government 

agencies and contractors shall be utilized 

extent practicable. utxlized to the maxxmum 

b. GSE test activities including test / 

common GSE teat equipment shall 

to interfacing^;ith equipment treasure "thafnr"°’' 

A^opr^telol^a^^^ JdentifLHi th 

durp«! ‘**•“-*.4. ne laencxried in the proce- 

fl-fo-lit I, .4 ® account test equipment capabilities and 
flight hardware specifications, such that the test JeLS 

Siisr“=' -„pliance »ltl, tta flight bard»ate “'eHSL! 
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^•4.2 Articles 


Test articles, if required 
shall be as identified. 


to support the test program. 


4.4.3 Software 


of verification 


Requirements governing software utilization 
operations shall be as identified. 


in support 


4*4.4 Interfaces 


contractual agreement (s) . accordance with the applicable 
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lABLi: M-1 VERIFICATION CROSS-REFERENCE 

i(j:<^niKi:Mi:NTS I'nn vkhification 


SlIKKT t t)K 2 


NOMENCLi\TURE: 

CRIT. CAT; 

CEl NO. 

— — 

CEI SPEC NO. 

- — — . 

VERIFICATION FIETHOD VERIFICATION PHASES 

I TFST 

■) DEVELOPMENT 

■ .. sihSrity “• 

b ANA1Y«?T<5 acceptance 

c! ‘Section ^n^ecrated system 

d dmoSatiom prelaunch checkout 

1- SauS"™ RECORDS 1: 

H. POST FLIGHT 

N/A = NOT applicable 

performance/design 

REQUIREMENT REFERENCE 

j VERIFICATION METHOD 

TEST/ASSESSMENT 
REQUIREMENT REFI5RENCE 

K/A 


B 


D 

E 



F 

3 • 2 * 1 • 1 General Performance 


1 

B 

D 


1 

1 

I 



- 1 
1 

3. 2. 1.2 Central Processor 


I 

B 

B 


B 


1 


■mBBSHHIi 

3.2»1«2«1 Architecture 

■ 

1 

B 

2C 


B 

1 

B 



3*2»1«2.2 Memory 

■ 

fl 

I 

2C 


B 

1 

B 



— 

3. 2. 1.2. 3 Power Fail Safe/Auto Start 


1 

fl 

0 


B 

B 

B 


4.2.3 

3. 2. 1.2. 4 Real Time Clock 


1 

fl 

B 


! 

B 

B 


4.2.3 



3. 2. 1.2. 5 Operator Control Panel 


B 

fl 

B 


E 

B 

1 


4.2.3 

3.2.1. 2.6 Hardware Floating Point 


B 


MHi 


B 

B 

B 


4.2.3 

- 

3. 2. 1.3 Input /Output 


iJ 

i] 


1 

■ 

1 

B 


4.2.1, 4,2.; 

l» 4.2.3 














REQUIRm ENTS FOR VERIFICATION 
JTOMENCLATURE: 

CEI NO. ~ ~~ 

PERFORMANCE/DES IGN 

requirement reference 

2, 1.3,1 Digital Ser ial 

3.2.1. 3.2 Subsystem D ata Bus^ 

3.2.1. 3. 3 Experiment Da^ ' Buses 

3.2.1. 3.4 Orblter Data Bus 

3. 2. 1.3. 5 MJiSE ^ 

3. 2. 1.4 Mas s Storage 

3. 2. 1.4.1 Mass Stor age Type 

3. 2. 1.4. 2 Storage Capaci ty 
j.2.1.5 Display & Keyboard Unit 
3.2. 1.5,1 Screen Size 

|3.2.1.5,2 Display Forma t 

3. 2. 1.5 . 3 Character Repertoire 

3. 2. 1.5. 4 Editing Features 
^^2. 1.5, 5 Input Power 


' Line Printer 


3. 2, 1.6,1 Printing Rate 
! 2 Character Set 

3. 2. 1.6. 3 Columns 

3. 2. 1.6. 4 Controls 


j* 2. 1.6.5 Input Power 


Table 4-1 Verification Cross-Reference 


f CEI SPEC NO, 

^ VERIFICATION METHOD 

N/A]A|B|n“DfElFlGln 


SHEET 2 OP 2 
CRIT CAT; 


test/assessment 
requirement REFERENCE 




mamm 


4.2.3 

4.2.3 
"‘4,2.T'^ 

4.2.3 " 


4.2.3 


4.2.3 

4.3.1.C 




5.0 PREPARATION FOR DELIVERY 
.Physical Protection 

handling and atoraea^methMs^ on-aite transportation, 

talnars having a 2osr™?fh; „f “^anient handling and stacking, con- 
»lth intagSrsuS or pIuaL L^n^ 1=» =hall be provided 

provided .Aere SSicLJo shipment. Attach points shall be 

tents vill generally he ntUiaerSr racL^^d'J^^sr;. 

5*2 Weight and Size 

shall be held’^to TmiSmS^consistfit^with^^^ packaging and packing 
and the method of transportation. GSE shall h ’requirement of the item 

Sf^eS?” disassembled as raqSS\„rpaXS%or' 


5* 3 Parts Protection 


for the protectSn o^^Iu 03 ^ 0 ^^^;?’ economical system 

in-plant handling a^J SLS.'^SrfsSl'Z"etf ^a? “■* 

protection procednres. metl^to, mteriSfLd d»?c 

containers or transportation vehicles necessary to°p%“S Smagfto pa°r“.’ 
3.4 Marking 

tained in MIL-STD-129.^ shall be marked according to the requirements con- 
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6.0 


NOTES 


6 ■ 1 Definition and Design Te rms 

nanels L n System - AFD hardware (located at 

and kevboiid ThI ^ consisting of two CRT displays, electronic unit 

Snts on ortit. 

. jia^-t-Ip-Test Equipment - Circuitry provided to perform con- 

ti"“ of”thi LRnio ParaBaters, groups of parumoters. or func- 

J ^ provide a go/no-go indication. This type of built-in- 
test capability represents those implements tional techniquS tlat aH 

autonomous and provide continuous real-time monitoring, but do not inter- 
rupt normal operation of the LRU. mter- 


nf TV closed Circuit Television - Orbiter equipment consisting 

orblter)™and\v monlt'^ the payload bay and forward section of the 
orbiter; and TV monitors (located at the aft flight deck). The system 

xs used for monitoring of payload bay and cabin area activitiL. 
(aURarU. 

starus and dLYftLYorI'‘:f‘‘%'S 

of the Buuifiiur«sSa“ iySBrYt'S^fLis uLrth'fSur" 


of a BluIcoBpfgf^ifii^il^^^''' : P 1 “fP» 0 ht oohoiots 

ooBputer aud “ 

additional daS^o™mng’’OTrprocessSg““ »fth 

;s.- rsxs 
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4t - * Read Only Memory - A device used for the storaee of in- 

camiot bs cta^ad S- 

formation can only be obtained (read) from this memory. 

£ . . /Write Memory - A device used for the storave of in 

fo^tion ID digital forn,. This information may be 0^00^0 rJoiLd 

“rLS ^™VoTSc;d 

parts, dSsambngriSSiiSiSretc^,™^^^^^^ 

ing°and°°ir 2 X? '=PS“lier the combination is common to one ^^t-' 

2fhS^ihSh1t“p“”itS?"^“ “ 


consistine of~ ^n?^« ^ ~ integral subassembly of an LRU 

tog^J aTfhf cSL^r^irco^^o: S a^SSLl 

provides a complete function to the larger entity'mJ&n^hiSln^eratea . 

from equipment items which are normallv \t-\ ‘inntical to, or modified 
the public commercially by any supplier 'and wUcb"’r^'‘’ “ 
lonent parts/aasembliea in or to be used »lth“Se “ d— 

6*2 List of Acronyms 


AC 

ASCII 

AVT 

APD 

BITE 

B&W 

CCD 

CCTV 

CDR 

CEI 

CEL 

CRT 

C&D 

DC 

DDD 

DU 

EMC 

EU 

FMEA 

GPC 

6 SS 

HZ 

I/O 

lOP 

IPS 

IS 

KB 

LRU 


Alternating Current 

^erican Standard Code for Information 

Acceptance Verification Test 

Aft Flight Deck 

Built— In“Test Equipment 

Black & Ifliite 

Core Controls and Displays 
Closed Circuit Television 
Critical Design Review 
Contractor End Item 
Critical Item List 
Cathode Ray Tube 
Controls & Displays 
Direct Current 
Data Display Unit 
Display Unit 

Electromagnetic Compatibility 
Electronic Unit 

Failure Modes & Effects Analysis 
General Purpose Computer 
Ground Support Equipment 
Hertz 

Input/Output 
Input Output Processor 
Instrument Pointing System 
Interconnecting Station 
Keyboard 

Line Replaceable Unit 


Interchange 
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IlFDS 

MHZ 

ms 

MS 

OOS 

PDB 

PDR 

Phm 

PS 

RAU 

RID 

ROM 

R/W 

SE&I 

S/L 

SRU 

STE 

TBD 

TV 

WBS 


Multifunction Display System 
Mega Hertz 
Milliseconds 
Mission Station 
On-Orbit Station 
Power Distribution Box 
Preliminary Design Review 
Parts Per Hundred Million 
Payload Station 
Remote Acquisition Unit 
Review Item Disposition 
Read only Memory 
Read and Write 

Systems Engineering & Integration 
Spacelab 

Shop Replaceable Unit 
Support Test Equipment 
To Be Determined 
Television 

Work Breakdown Structure 


